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ABSTRACT

Lee, Byung Cheol. Ph.D.,Purdue University, December 2013. Human Cognitive
Performance in Healthcare Information System Environment and its Application
on Nursing Tasks. Major Professor: Vincent G. Duffy and Ji Soo Yi.
The US healthcare system has serious issues in care quality and patient safety.
Patients often do not receive the care they need or the given care service cause
harm. In addition, the significant amounts of medical and medication errors occur,
and recurring adverse drug events due to damaging side effects from
medications threaten patient safety. To solve these issues, healthcare
information systems (HIS) have been recommended in various care processes.
Though several studies have confirmed the benefits and usefulness of the
systems (Cordero, Kuehn, Kumar, & Mekhjian, 2004; Kohn, Corrigan, &
Donaldson, 2000; Sittig, Krall, Kaalaas-Sittig, & Ash, 2005; Weiner et al., 1999),
unexpected negative outcomes, such as system related errors, communication
errors, and decreased time with patients (Bates et al., 1999; Kaushal, Shojania,
& Bates, 2003; Weiner et al., 1999), and low adoption rate are another issues to
achieve the goals of HIS (DesRoches et al., 2008; Jha et al., 2009). Hence, HIS
adoption process needs a new perspective to understand unique environments
of healthcare domain, and systematic approach to investigate different types of
barriers interfering successful adoption to maximize the benefits of HIS.
In Study 1, influencing factors to implement bar coded medication administration
system were investigated to suggest a customized system adoption model for
HIS. Based on qualitative analysis of care practitioners’ interviews, HIS adoption
process need to understand by patient and practitioners’ perspectives.
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Additionally, the effects of perceived ease of use plays a role as significant as
that of perceived usefulness, which is a different result from the adoption of other
information systems.
In Study 2, the effects of interruptions between two different types of tasks were
examined as a system oriented barrier to adopt HIS. The interruptions from
information system easily cause harmful effects on users’ cognitive and physical
work process and they work as barriers for successful system adoption. This
study measured the level of negative effects from interruptions, and task
similarity is a key factor to affect task performance. Comparing cognitive tasks,
skill tasks make more errors but task completion time is not significantly affected.
In Study 3, the causes of non-compliance behaviors in use of the bar code
medication administration system were categorized as user oriented barrier to
adopt the system. The causes are grouped into the five categories: Poor
Usability, Poor Physical Ergonomic Design, Poor Information Integrity, Adverse
Environment, and Lack of Awareness. These categories are useful to understand
types of system structure-based causes of non-compliance behaviors in HISs.
This dissertation highlights the importance of understanding the adoption process
of HISs. It proposes suggestions to reduce the reluctance to use the systems and
strategies to minimize unintended negative outcomes.
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CHAPTER 1. OBJECTIVES AND SIGNIFICANCE

The US healthcare system is in jeopardy. The Institute of Medicine (IOM)
reported astonishing results that medication errors and adverse drug events
(ADEs) are the single largest source of healthcare accidents and contribute to
estimated maximum 98,000 deaths per year (Kohn et al., 2000). According to the
Center for Disease Control’s report (1999), the cause of death from medical
errors is sixth highest rank, ahead of diabetes, pneumonia, Alzheimer’s disease,
and kidney disease. The Department of Health and Human Services reported
that 32,500 patients died as a result of 18 different types of medical injuries
(Zhan & Miller, 2003). Additionally, the IOM reported that at least 1.5 million
people are injured by errors in prescribing, dispensing, and taking medicine
(Kaufman, 2006). The associated cost with medical errors reaches $37.6 billion
each year and $17 billion are due to preventable medical errors (Institute of
Medicine (IOM), 1999).
As one of the solutions to this issue, healthcare information systems (HIS) have
been suggested. HIS is designed to provide complete and accurate medical and
medication information to help clinicians efficiently and effectively manage care
processes. Some studies show that HIS not only prevents medication errors and
improves patient safety (Parente & McCullough, 2009) but also it makes fewer
complications and lower mortality rates (Amarasingham, Plantinga, Diener-West,
Gaskin, & Powe, 2009; Devaraj & Kohli, 2000, 2003). In addition, others
indicated that HIS reduces unnecessary costs (Mongan, Ferris, & Lee, 2008),
improves vaccination rates (Dexter, Perkins, Maharry, Jones, & McDonald, 2004),
and increases the use of recommended procedures (Kucher et al., 2005).
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However, some unexpected outcomes and the low adoption of HIS may hamper
some healthcare institutes from achieving such potential benefits. DesRoches et
al. (2008) reported that fewer than 20% of US physicians used an Electronic
Health Records (EHR) system and the adoption rate was increasing at less than
4% per year. With the support of the Health Information Technology for
Economic and Clinical Health (HITECH) Act, the rate of EHR adoption has
increased to 35% of U.S physicians in 2011, which is far less than the goal of
universal adoption (Hsiao, Hing, Socey, & Cai, 2009). In addition, beyond the
implementation of the systems, care practitioners are more concerned about
when and how best to adopt HIS. Unsuccessful adoption of HIS could lead to
misuse or failure to use, which generate more problems. For example, EHR can
be a valuable tool for physicians to diagnose patients, but if used ineffectively, it
impedes the patient-physician relationship. While HIS can reduce medical errors,
it can distract workflow of care processes (Han et al., 2005). It is essential to
ensure that HIS leads to better care and does not cause unintended negative
outcomes. Furthermore, to achieve the full benefits of HIS, we need to consider
technical challenges as well as organizational and cultural ones that hinder
progress (Adler-Milstein, Bates, & Jha, 2009). Thus, unexpected negative
outcomes and low HIS adoption issues cannot be solved by simply offering
financial incentives to implement systems or stressing positive benefits on care
quality and patient safety.
This dissertation attempts to suggest recommendations to improve low adoption
issues in HIS and minimize unexpected negative outcomes. The
recommendations have been constructed through the following three studies.
Study 1, by investigating influencing factors to implement bar coded medication
administration system, suggested a new theoretical framework for HIS adoption.
The new framework includes unique features of the healthcare domain and fills
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the gaps between theoretical system acceptance/adoption models and actual
system implementation process.
Study 2 examined the effects of interruptions between two different types of tasks
as a system oriented barrier to adopt the system. The interruptions from
information system harmfully affect users’ decision-making processes and
reduce the efficiency of care processes in which they work as barriers for
successful system adoption (Hickam et al., 2003). Study 2 measured the level of
negative effects from interruptions by quantitative and qualitative criteria and
provided the guidelines to design efficient work processes in newly implemented
HIS environment.
Study 3 analyzed the causes of non-compliance behaviors in use of the bar code
medication administration system as user oriented barrier to adopt the system.
Though non-compliance behaviors such as violations or workarounds have been
frequently discussed in previous studies, the causes of them were not
systematically analyzed. Since non-compliance occurs by the gaps between
linear and sequential system processes and distributive and interruptive actual
work processes, the causes can provide the solutions to improve the system
adoption.
Therefore, the main purpose of this dissertation is to suggest recommendations
to adopt HIS without reluctance. The customized adoption model that is
optimized to HIS provides a theoretical framework to understand unique adoption
processes in a healthcare context. Investigating the effect of interruptions and
non-compliance behaviors offers practical system design guidelines to improve
the efficiency of care processes. The recommendations can maximize the
benefits of HIS.
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The contributions of this dissertation can be as follows: 1) to provide a new
perspective on the theoretical models of the system adoption in the context of
HIS; 2) to provide empirical evidence of how interruption influences the different
types of tasks in an information system environment; 3) to provide a
comprehensive literature review on the causes of non-compliance behaviors,
which would explain the poor system adoption.
This dissertation is organized into the following chapters. CHAPTER 2 provides a
review of pertinent findings related to the features and implementation of
healthcare information systems, as well as work interferences and the effects on
human cognitive behaviors. CHAPTER 3 presents a conceptual model that
unifies the current understanding of the literature, as well as rationale for the
formulated hypotheses. CHAPTER 4, CHAPTER 5 and CHAPTER 6 present the
results of the three studies conducted to test the conceptual model. CHAPTER 7
concludes with final remarks related to this dissertation.
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CHAPTER 2. LITERATURE REVIEW

The purpose of this chapter is to provide backgrounds on the care quality
problem (Section 2.1) and healthcare information system (HIS) (Section 2.2), an
overview of current issues on HIS implementation (Section 2.3), and a review of
potential causes of the issues (Section 2.4).
2.1

Care Quality and Patient Safety Issues in U.S Healthcare System

The U.S healthcare system has several issues. Mainly, a health care system is
supposed to make better mental and physical health by preventing, detecting,
and curing diseases and by aiding proper body functions (Schuster, McGlynn, &
Brook, 1998). However, patients often do not have the appropriate care they
need, or sometimes the received care causes harm. The care they received can
be given at wrong timing or with lack of understanding of a patient’s conditions
and preferences. In addition, the healthcare system frequently delivers care
services unequally and inefficiently. These issues may occur due to a variety of
causes, including difficulty in access to care, social factors, biased views on
patients, poor communication, and lack of health literacy(Agency for Healthcare
Research and Quality, 2013).
Care quality can be considered one of main criteria to solve such issues.
Generally, care quality can be defined as “providing the right care to the right
patient at the right time – every time”(“What is Health Care Quality and Who
Decides?,” n.d.). IOM (2001) also defined it as “the degree to which health
services increase the likelihood of desired health outcomes”. Reliable care
quality means appropriate care processes that are safe, patient-oriented,
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opportune, fair, efficient, and effective. Based on the definitions, care quality has
been measured by receipt of specific care services that are necessary to cure or
prevent diseases or medical conditions and side effects of treatment (Agency for
Healthcare Research and Quality, 2010). One study described the care quality as
the eligibility of the recommended medical treatments (McGlynn et al., 2003).
Figure 2.1 shows the average performance of care quality in U.S. healthcare

Percent of patients encountered
difficulties accessing health care

system (Agency for Healthcare Research and Quality, 2013).

40
35
30
25
20
15
10
2005

2006

2007

2008

2009

Figure 2.1 Average Quality of Care Process
Patient safety is another measure to understand the significance of healthcare
issues. The Institute of Healthcare Improvement (IHI) expounded that high quality
care can be achieved by reliable patient safety such as reducing harm, adverse
events, medical errors and mistakes (Agency for Healthcare Research and
Quality, 2004; Institute for Healthcare Improvement, 2007). In 1999, the Institute
of Medicine (IOM) warned of the seriousness of patient safety in current
healthcare system, and reported that maximum98,000 patients annually died
because of preventable medical errors (Kohn et al., 2000). The Centers for
Disease Control and Prevention recently indicated that additional 100,000
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patients died from healthcare associated infections (Klevens et al., 2007).
According to the report from the Office of the Inspector General, a quarter of
Medicare patients admitted to a hospital experienced unnecessary harm and
annual death toll reaches to 180,000 due to medical errors (Levinson et al.,
2010). In addition, Lewis et al. (2009) found a median medication error rate of 7%
of all prescribing orders, and an error occurs every two admissions and 40
patient days. A recent study suggested that actual number of preventable
medical errors may be far more than IOM estimates, but detailed and exact
status of such problems is difficult to figure out (Classen et al., 2011).

Table 2.1 Leading Causes of Death in United States
Rank

Cause of death

Number of death

1

Heart Disease

599,413

2

Cancer

567,628

3

Chronic Lower Respiratory Disease

137,353

4

Stroke

128,842

5

Preventable Medical Harm
(Medical Errors)

98,000

6

Alzheimer’s Disease

79,003

7

Diabetes

68,705

8

Influenza/Pneumonia

53,692

9

Nephritis/Nephrosis

48,935

10

Intentional Self-Harm (Suicide)

36,909

Sources: CDC Web site, FastStats: Leading Causes of Death (Jan. 2012); National Vital
Statistics Report, Deaths Final Data for 2009, vol. 60, no. 3; and for 98,000 statistic, IOM
Report, To Err Is Human (2000).

Similar to medical or medication errors, Adverse Drug Events (ADEs) are another
threat to patient safety. ADE means injuries due to harmful side effects from
medications (Classen, Pestonik, Scott Evans, Lloyd, & Burke, 1997). Since
roughly 28% of ADEs are caused by medication errors, these can be considered
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to be preventable (Bates et al., 1995). Each year, approximately 770,000 patients
are harmed or die from ADEs, and, according to an IOM report, approximately
one out of every seven hospitalized adult Medicare patients experience one or
more adverse drug events (ADEs) (Classen et al., 1997; Institute of Medicine,
2001). In 2008, ADEs were reported in almost 1.9 million inpatient hospital stays,
which are 4.7 percent of all stays (Sun, 2013). From 2004 to 2008, ADEs
increased by 52 percent in the inpatient setting.
These medication errors and ADEs are undoubtedly costly. One study found that
each preventable ADE added about $8,750 to the cost of the hospital stay
(Aspden, Wolcott, Bootman, & Cronenwett, 2006). Presuming 400,000 of these
incidents annually occur, the total cost would be $3.5 billion per year. In 2002, it
was estimated 1.7 million of infections that patients acquire from other care
process within a healthcare setting occurred, and 99,000 deaths were associated
with them. The extra healthcare costs due to these infections were estimated at
$28 to $33 billion each year (Aboelela et al., 2007).
Given this situation, the current state of care quality and patient safety is not
acceptable and new approach should be taken. Generally, care practitioners are
responsible to deliver highly reliable care services that are not tolerated with any
errors or mistakes. To do this, they have to take advantage of the information
systems and the most recent organizational and management strategies. In
addition, these systems and strategies need to provide a way of measuring the
progress toward improved care quality and patient safety.

2.2

Healthcare Information System (HIS)

HISs are often seen as an viable solution to improve care quality and minimize
medical errors (Bates et al., 2001; Kohn et al., 2000). These systems include
various domains of technologies aimed at enhancing patient care with efficient
and effective information and communication processes. The systems are
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designed to extend users’ cognitive capacity by providing the right information at
the right time to improve information and communication processes and patient
care. For example, by using an electronic medical record system, physicians can
obtain the detailed medication history about patients and possible allergic
reactions of the medication they prescribe and get help in deciding which
medications to prescribe.
HIS refers to “the application of information processing involving both computer
hardware and software that deals with the storage, retrieval, sharing, and use of
health care information, data, and knowledge for communication and decisionmaking” (Thompson & Brailer, 2004). HIS can help to access the information
about patients, medications, and care processes, organize them, identify links
between them and provide them at the point of care delivery, thus improving the
care quality. Care practitioners sometimes forget to apply the information familiar
to them at the time of delivering care. Thus, the effective HIS is to straddle the
gap between ‘knowing’ and ‘doing’ by presenting the relevant information to the
clinician at the time of decision-making.
2.2.1 Types and Characteristics of HIS
HIS can be divided by main functions of healthcare facility: administrative and
financial systems, clinical systems, and infrastructure (Medicare Payment
Advisory Commission (US), 2004). Some examples and terms of HIS are listed in
Tables 2.2 and 2.3.
Particularly, the medication management process requires various types of HIS.
This is because the process is a complex, dynamic operation involving diverse
care practitioners and numerous tasks. The process consists of prescribing,
transcribing, dispensing and administering medications. The examples of HIS in
this process are listed in Table 2.2.
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Table 2.2 Categories and Examples of Health Information Systems
Applications

Category

Administrative
and Financial

Clinical

Infrastructure

Hospitals

Physicians

Cost accounting system,
Patient registration,
Personal and payroll,
Electronic materials management

Billing,
Accounting,
Scheduling

Computerized provider order entry,
Electronic health record,
Picture archiving and
communication system,
Clinical decision support system

Online reference,
Electronic prescribing,
Computerized provider order
entry,
Electronic health record,
Clinical decision support system

Bar-coding technology,
Servers and network,
Wireless networks

Handheld technology,
Servers and network

Table 2.3 HIS in Medication Management Process
System

Process

Electronic medical
record (EMR)

Overall
process

Computerized
provider
order
entry (CPOE)

Prescribing

Clinical decision
support system
(CDSS)

Prescribing

Pharmacy
dispensing system

Dispensing

Function
Electronic database for patient data from
various sources. Generally, it is a part of
a CPOE or patient tracking system
providing real-time patient data.
Computer application for ordering of
medications, radiology test, laboratory
test, or other orders., for checking drug
allergies and drug-drug interactions, for
updating latest drug information
Computer application providing real-time
diagnostic and treatment
recommendations from simple alerts to
full clinical pathways and protocols.
CDSS may be used as a part of COPE.
System to package, deliver and
recognize prescribed drugs to patient
care units, using drug-dispensing robots
or automated dispensing cabinets.
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Table 2.3 Continued
Electronic
materials
management
(EMM)
Bar Code
Medication
administration
(BCMA)
Picture archiving
and
communications
system (PACS)

Dispensing

Administering
/Monitoring

Monitoring

System to track and manage inventory of
medical supplies, pharmaceuticals, and
other materials.
System that uses barcodes to prevent
human errors in the distribution of
prescription medications at hospitals.
System that captures and integrates
diagnostic and radiological images,
stores them, and distributes them to
other systems.

2.2.2 Benefits of HIS
HIS provides many benefits to improve care quality and patient safety, and these
benefits can be categorized to three groups. First, the systems improve the
effectiveness of care service. The systems standardize the care processes,
inform users of right medications and patient information, and warn against
wrong decisions on drug selections or possible side effects (Sittig et al., 2005;
Weiner et al., 1999). The systems can update the latest lab and test results and
inform of necessary medication lists, clinic notes and recommendations, and
appointment lists. The systems help to solve medication conflicts and provide
evidence based clinical guidelines and knowledge as well. Accurate and
complete information about patient and medications is necessary for the best
possible care.
In addition, HIS reduces the occurrence of serious medication errors and ADEs.
For example, one study reported that the Computerized Physician Order Entry
(CPOE) system decreased medication errors from 11.3 percent to zero
occurrences, and also significantly reduced medication turnaround time and
radiology completion time (Cordero et al., 2004; Mekhjian et al., 2002). In another
study, CPOE with decision support functions decreased almost two thirds of
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errors in prescribing orders.(Bates et al., 1995). Other than CPOE, an automatic
dispensing system significantly lowered the rate of dispensing errors, and a bar
coding system contributed to an 80% reduction in the errors in medication
administration processes (Bates, 2000).
Second, the system improves the communication among clinicians and increases
the efficiency of care service (Poissant, Pereira, Tamblyn, & Kawasumi, 2005).
Several studies reported that, due to the implementation of CPOE, the improved
communication between physicians and test laboratory can reduce the number of
test orders (Bates et al., 1999; Tierney, Miller, & McDonald, 1990). In addition,
since many care practitioners recognize the documentation of care information
as major parts of routine clinical activity, the documentation time is another key
factor for efficient system (Allan & Englebright, 2000). Documentation time such
as retrieving patient records or keeping patients’ report forms is decreased with
the implementation of HIS (Bates et al., 1995; Tierney, Miller, Overhage, &
McDonald, 1993).
Third, the system can reduce unnecessary costs and expand affordable care
(Kohn et al., 2000; Van Der Meijden, Tange, Troost, & Hasman, 2003). The
system has been reported to have the potential to save up to $88 billion over 10
years in care costs (Hillestad et al., 2005; Mongan et al., 2008). Evans and
colleagues (1993) demonstrated reduced costs and length of stay in patients in
an intensive care unit (ICU) with the adoption of a computerized antibiotic advisor
system. A hospital stated that inpatient costs were decreased by 12.7%, and the
length of stay was shortened by 0.89 day with CPOE with decision support
system (Tierney et al., 1993). Mekhjian and colleagues (2002) also confirmed the
reduction of length of stay in a hospital with the HIS implementation.
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2.3

Current Issues on HIS

Regardless of well-designed system functions, HIS cannot gather the benefits if it
is not successfully integrated into the workflow of care practitioners(Silow-Carroll,
Edwards, & Rodin, 2012). Implementing a new system can cause confusion,
decreasing efficiency and endangering patient safety. So far, very few studies
have been conducted on the influencing factors of the successful implementation
process of HIS (Goldzweig et al., 2009).
2.3.1 Unintended Negative Outcomes of HIS
Some unintended negative consequences from HIS are not surprising. HISs are
complicated systems, often incorporating many sub-systems and dynamic
interactions with other systems. The working environments of care providers can
also be extremely complex. When such systems are integrated with care
practices, it is very difficult to predict the system responses and care practitioners
in new system environment (Berg, 2001). Due to the unpredictable nature,
system-related failures of HIS often are covered up, ignored, or rationalized, so
mistakes are repeated and result in medical errors (Koppel et al., 2005; Poissant
et al., 2005).
Negative outcomes of HIS are reported in several studies. First, the system
introduction exposes usability issues. Many system interfaces are unfeasible
because care practitioners need a great deal of time to use. Such interface
issues lead to human– computer interaction problems and heavy mental
workload by too much emphasis on completing information entry or retrieval,
which are not appropriate for highly distributive and interruptive care delivery
processes. One study demonstrated the cases of preventive ADEs associated
with the prescribing process of CPOE for potassium chloride, which cause
confusion and led to ordering large doses of intravenous potassium (Bates et al.,
1999). Due to poor usability, the system generates IT-related errors such as
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selecting a wrong item from menu or writing orders in the wrong patient record
(Kaushal et al., 2003; Koppel et al., 2005; Weiner et al., 1999).
Second, the systems change the task patterns, flow, and interactions in existing
work processes. With some CPOE systems, care providers have difficulty
accessing patient information stored in other HISs that are not connected with
CPOE, need separate log-on, or cannot be used at the same time. Additionally,
the system can compel care practitioners to adapt. For example, some systems
have limited space for text entry, and data entry is only possible using nested
commends or pre-configured menu lists (Campbell, Guappone, Sittig, & Dykstra,
2009). The system can decrease the physicians’ diagnosis time and
communications with patients (Kaushal et al., 2003; Sittig et al., 2005; Weiner et
al., 1999). Considering the time-limited environment in care delivery, spending
time on HIS can decrease the time to communicate with patients, which may
result in misdiagnosis or delayed diagnosis. Additionally, HISs could increase
clinicians’ workloads with simple clerical tasks that may decrease task efficiency
and smooth communication (Berg, 1999; Coiera, 2000; Massaro, 1993).
Third, HIS may produce a high rate of false-positive alerts and underestimated
completion of quality of care. Electronic medical records successfully identify
many cases of new-onset depression, but frequent false-positive alerts reduce
the work efficiency of clinician (Kerr et al., 2002; Kramer et al., 2003). The false
positive results can make errors in communication and coordination (Ash, Berg,
& Coiera, 2004). Moreover, theses can negatively affect on the mortality rate
(Han et al., 2005).

2.3.1.1 Case Study of Unintended Outcome
The unintended outcomes are evidently shown in following two research papers:
Han et al. (2005) and Upperman et al. (2005). Both studies were conducted in
the same year and at the same hospital (Children’s Hospital of Pittsburgh). Both
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studies were based on the implementation of a new CPOE system and focused
on the impact of a system on patient safety. The difference lies in the research
scope; Upperman focused hospital-wide, while Han restricted his focus to
patients who are admitted through inter-facility transport. In spite of such
common factors, their results totally differed. The result from Upperman’s study
was that harmful ADEs decreased from 0.05 to 0.03 per 1000 doses, which
indicated increase of quality care, but Han’s result showed that the mortality rate
significantly increased by three times after the CPOE implementation. These
contrasting results are enough to highlight the distorted perspectives on
healthcare information systems to care practitioners.
What causes this difference in results from studies conducted in the same
hospital and with the same HIS? While the different research scopes may
account for some of the difference, it is unlikely that this can explain all of it. It is
most likely that the observed difference from the CPOE implementation is due to
the workflow design of the system. If we examine Han’s study in detail, increased
mortality was not due to increased errors, but rather to delays in providing care
resulting from the increased order entry time and other procedural changes.
Moreover, dynamic care processes in intensive care units were forced into a
linear workflow and order sets failed to streamline the order entry process. This
demonstrates that negative outcome did not come from the system itself but
conditions and workflow changes from the CPOE implementation. Furthermore,
the organization leading the HIS implementation should be concerned about
more than mortality and the ADE rates. The system design and implementation
processes should consider the time-critical nature of patient care and the
collaborative work environments to deliver care effectively. These contrasting
results show that evaluating system implementation is challenging especially in
complex systems like HISs. A brief contrast of the two studies is shown in Table
2.4.
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Table 2.4 Mixed Results from Healthcare Information System Implementation
Hospital
Upperman,
Staley et al.
(2005)
Han, Carcillo
et al. (2005)

Children’s
Hospital of
Pittsburgh

System

Setting

Results

Hospital-wide

Harmful ADEs reduced
from 0.05 to 0.03 per
1,000 doses

Critical care
transport
patients

Increased mortality
from 2.8% to 6.6%,
increased medication
order turnaround time

Commercial
CPOE

2.3.2 Low Adoption of HIS
Despite the benefits described in the prior section and, possibly, due to the
unintended outcomes, the actual adoption rate of HIS is far less than expected.
According to a recent national survey about the implementation status of EMR or
EHR systems, 83 percent of responded physicians did not own the system and
only 4 percent replied possessing a fully functional system (DesRoches et al.,
2008). According to a recent survey of the American Hospital Association (AHA),
only 1.5% of acute care hospitals had a comprehensive EMR systems in 2008;
even including a basic system, less than 10% use the systems (Jha et al., 2009).
Similarly, few physicians actively utilize HIS in their care practices (DesRoches et
al., 2008; Jha et al., 2006). Approximately 13 percent responded that they have
only basic functioning systems. Another report also published that among 1,000
hospitals, only 9.6 percent have a fully functioning CPOE system, and 6.5
percent have partial functioning systems (American Hospital Association, 2000).
The delays and cancellations of software projects have been frequently reported
since at least the 1970s (Lundsgaarde, Fischer, & Steele, 1981). For years,
several issues exist the implementation of health IT applications. Dowling (1980)
estimated that staff interferes with or sabotages “nearly half” of HIS implantation
projects, while Heeks(2006) noted that most HIS fail in some way. The patterns
of severe problems are repeatedly found in a variety of HIS implementation:
CPOE system (Aarts & Berg, 2006; Aarts, Doorewaard, & Berg, 2004; Massaro,

17
1993), hospital information systems and electronic medical records (Brown &
Jones, 1998; Sicotte, Denis, Lehoux, & Champagne, 1998), health Information
networks (Beynon-Davies & Lloyd-Williams, 1999; Hagland, 2007) and public
health systems (Southon, Sauer, & Dampney, 1999; Wells & Bullen, 2008).

2.3.2.1 Difference Between Implementation and Adoption
The adoption of the new system is different from the implementation of the
system. Adoption and implementation sound equivalent, but the results from
each are very different. Jha et al. (2006) proposed that implementation is
achieved as soon as the system is installed, but that adoption is accomplished
when the system is routinely used for care benefits. In other words,
implementation means that the organizations possess the system, while adoption
means that they actually use it. Implementation is interpreted as the system
being simply functioning, while adoption needs a dynamic process with a
continuous effort to make full use of the system. When care practitioners use the
system, which develop to best practices, this means full adoption of the system.
Successful adoption makes possible to attain the positive outcomes described in
the previous sections: increased care quality, and improved safety and
efficiency. A significant time and effort are necessary in converting from
implementation to adoption of the system.
2.4

Causes for Current Issues HIS

The possible causes for low adoption and negative outcomes are discussed in
many studies. These may include excessive implementation cost, user
reluctance to technology, practice disruption and inefficiency, failure of system
functions, and lack of integration with existing systems (Oren, Shaffer, &
Guglielmo, 2003; Wears & Berg, 2005). However, simple hardware problems and
software bugs cannot be direct causes. Additionally, the errors from poor system
designs or other failures of technical functions are common. These problems are
familiar and can be solved by proper training and repeated tests before
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implementation. Instead, gaps between the system functioning and the actual
care process are more valuable to find latent or silent issues that can block
successful implementation of the systems. The causes can be categorized into
unique nature of healthcare domain, user reluctance to adopt, and lack of
financial incentive.
2.4.1 Unique Nature of Healthcare
The healthcare domain is different in several significant ways from other domains.
Dynamic and complex care work processes make it difficult to adopt one
commercial system in different healthcare facilities.
First, the healthcare industry is fragmented. This means that its facilities and
organizations are widely spread, and a single care process consists of various
independent tasks and activities. Currently, more than 360,000 care facilities are
operating in the U.S. Among them, many care processes are delivered with
inefficient or absent communication environments (Blumenthal et al., 1999).
Second, the healthcare service consists of a large volume of transactions that
are not well streamlined. It is easily estimated that the volume of transactions
based on huge number of patients in hospitals and their treatments. Although
current healthcare industry are trying to establish “Evidence based practices”,
which are integrated best practices proved by clinical expertise, many processes
are not standardized (Alper & Karsh, 2009).
Third, care processes are filled with non-linear, repeating, independent and
individual, interruption and exception-driven tasks (Campbell et al., 2009). Due to
this nature, modification in workflow, pattern, and interactions is inevitable in HIS
implementation, and communication and collaborative work procedures need to
be changed as well (Campbell et al., 2006; Berg, 1998). In addition, interruptive
care working environments also hamper smooth implementation of new HIS
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(Campbell & Graham, 2006; Harrison, Koppel, & Bar-Lev, 2007; Wetterneck et
al., 2011).
Forth, socio-technical aspects add to more dynamics and complexity on
healthcare process. The successful implementation of HIS is difficult because it
is not only a technical process, but also a social one with diverse interprofessional collaboration, the need for support from top management, and
professional and terminological differences. Thus, organizational, behavioral,
cognitive, and social factors are necessary to smoothly implement HIS while the
system design needs to include well-defined standards for interoperability and
functionality (Brown & Jones, 1998; Tichy & Bascom, 2008).
2.4.2 User Reluctance to New Systems
User reluctance to new systems is another barrier and is driven by two main
factors: the gap between the system-intended process and the actual work
process, and negative perceptions about technology. These two factors are
somewhat correlated with each other. However, the former is caused by poor
system function design and the latter is formed form the users’ attitude toward
the system.
The gap between the system-intended process and the actual work process
leads to various types of non-compliance behaviors such as workarounds,
violations, and short cuts. The user workflow should be gradually modified to
decrease the user reluctance. Care practitioners also should accept some extent
of change in work processes and job responsibilities (Kuperman & Gibson, 2003).
The unavoidable non-compliance needs to be addressed to understand poor
implementation and unsustainable system functions (Koppel, Wetterneck, Telles,
& Karsh, 2008; Vogelsmeier, Halbesleben, & Scott-Cawiezell, 2008). For
example, CPOE systems help to formalize optimized care processes (Kuperman
& Gibson, 2003). In any cases, actual procedures does not match with optimized
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processes, and implementation may require a significant amount of additional
work.
Another source of reluctance is unfavorable perceptions on the technology.
Generally, unfavorable perceptions were originated from excessive dependency
on technology, a risk of harm, and concerns about monitoring (Nanji et al., 2009).
Some care providers perceived that new HIS would make the processes more
efficient in the long run, but it requires extra work at the outset. Although it may
initially take significant amount of time with the system adoption, the whole
workflow becomes more streamlined. Adequate communication may reduce
these misunderstanding and reluctance of the technology. Miller and Sim (2004)
mentioned that supports and positive attitudes on new information systems were
crucial to successful adoption of HISs.
Care practitioners show opposed opinions on the increased information from the
newly implemented systems. While new systems would control their own tasks
bythe increased monitoring capability, others satisfy with the tracking capability of
a medication in the entire cycle of care process. Similar to other information
systems, this monitoring capability can be worked as either a obstacle or catalyst
to HIS implementation (Nanji et al., 2009).
The mandatory atmosphere of HIS implementation may generate negative
perception on new system. Since most decisions of HIS implementation are
generally made by management level, care practitioners would not have urgency
on implementation. Ash insisted that when care practitioners are easy to retrieve
to more information relevant to decision-makings, and when the new system
functions smoothly with their workflow, they satisfy with newly implemented
systems and do not have negative perception on them (Ash et al., 2003). In
addition, while management tried to implement a new system within a short time
frame, care practitioners prefer a more incremental implementation (Nanji et al.,
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2009). Moreover, considering their heavy workloads, a new system
implementation makes worse care practitioners’ working environments worse.
2.4.3 Lack of Financial Incentive
Huge investment and maintenance costs is another hurdle for widespread HIS
adoption. According to two recent surveys, a financial burden is often as the
main barrier for HIS adoption (Jha et al., 2009; DesRoches et al., 2008). One
study showed that a hospital spends at least $3.5 million for CPOE installation
(Wilson, Bulatao, & Rascati, 2000). A considerable amount of the budget is
necessary for operating and maintenance cost as well. Accordingly, considering
current hospital’s financial statuses, support from state or federal government
and new healthcare policy will be necessary to increase the HIS adoption rate.
Detailed cases and previous studies are discussed in following sections.
Due to HIS’ potential to fundamentally transform health services, the financial
environment of HIS implementation has changed dramatically. In 2004, the Office
of the National Coordinator for Health Information Technology (ONC) was
established to build a nationwide infrastructure of health information technology.
In 2009, the Health Information Technology for Economic and Clinical Health Act
(HITECH) was passed to provide more than $30 billion in stimulus funds to
increase the adoption of an electronic health record (EHR) system (Steinbrook,
2009). On average, approximately $50,000 per practice is provided to eligible
care providers for the adoption of EHR; Up to $11 million is offered to each
eligible hospital. Additionally, penalties are also imposed through reduced
Medicare reimbursement payments (Blumenthal et al., 2010). Thanks to the
HITECH act, the adoption rate of EHR was remarkably increased. In 2011, nearly
10% of physicians newly adopted and total 35% use the systems, while fewer
than 20% used the systems in 2008 (DesRoches et al., 2008; Hsiao et al., 2010).
However, some physicians likely remain confused about the goals of HITECH
and how it affects them. They are not fully aware of who is eligible for the

22
incentives, what the requirements for receiving incentive payments are, and the
process of signing up for the program (Jha, 2012).
2.5

Summary

In this chapter, research questions are raised based on previous literature. The
U.S. healthcare system is designed to provide care services to prevent, diagnose,
and treat diseases (Schuster et al., 1998; NHRQ, 2012). However, some patients
experience difficulty in receiving the care they need or sometimes the care they
received causes harm (NHRQ, 2012). The medical/medication errors and ADEs
are frequently occurred (IOM, 1999; Klevens et al., 2007; Levinson et al., 2010;
Classen, et al., 1997; Bates et al., 1995; Cullen et al., 1995). To solve such issue,
HIS is suggested to reduce medication or medical errors and ADEs and increase
the work efficiency of care practitioners (Bates et al., 2001; Kohn et al., 1999).
Against the expectation for beneficial roles of HISs (Sittig et al., 2005; Weiner et
al., 1999; Cordero et al., 2004; Mekhjian et al., 2002; Kohn et al., 1999; van der
Meijden et al., 2003, Poissant et al., 2005; Allan & Englebright, 2000),
unintended outcomes and low adoption of the systems have been reported in
previous studies. The causes of such negative aspects of HIS implementation
can be categorized into unique nature of healthcare (Blumenthal et al., 1999;
Alper & Karsh, 2009; Campbell et al., 2006; Wetter, 2007; Harrison et al., 2007;
Tichy & Bascom, 2008; Jones, 1996), user reluctance to adopt the system, and
lack of financial support (Kuperman & Gibson, 2003; Silverstein 2001;
Vogelsmeier & Halbenselben, 2008; Koppel, 2008; Kuperman & Gibson, 2003).
Since the previous approach to understand the adoption process of HIS has not
considered the causes of negative outcomes, new approach is required to
provide the solutions or recommendations to maximize the benefits of HIS.

Table 2.5 List of References Related with Research Questions:
Research Questions

Unintended
outcome

Publication

Type of HIS

Usability issue

Bates et al.,
1999

Computerized
reminder

Usability issue

Koppel et al.,
2005

Computerized
physician order
entry (CPOE)

Usability issue,
Work pace,
sequence,
dynamic

Weiner et al.,
1999

Computerized
physician order
entry (CPOE)

Outcome
To specify the effects of computerized
reminders, a prospective randomized
controlled experiment was conducted. The
overall effect of the system was not
significant because many tests and orders
were performed without corresponding
system orders and bypassing system
guidelines.
To identify and quantify the role of CPOE, a
qualitative and quantitative study was
conducted at a tertiary-care teaching
hospital. It showed that poor systems
designs such as fragmented display,
ignoring notice, and inflexible order formats
often increase medication error risks.
Using survey questionnaires, opinions on
CPOE use of an urban teaching hospital
were collected. Some mentioned positive
views of the system, but significant number
of participants indicated that order errors
increased.
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Usability issue,
Work pace,
sequence,
dynamic

Unintended
outcome

Kaushal et al.
2003

Usability issue,
Work pace,
sequence,
dynamic

Sittig et al.,
2005

Work pace,
sequence,
dynamic

Coiera, 2000

Work pace,
sequence,
dynamic

Berg, 2001

Computerized
physician order
entry (CPOE)
and clinical
decision
support
systems
(CDSS)

Based on previous literature on the effect of
CPOE and CDSS, most studies were not
enough to find differences in various ADEs
because they examined a few customized
systems, which had unique and their own
usability issues.

To investigate the emotions surrounding
COPE implementation and use, qualitative
Computerized study with interviews and observations was
physician order conducted. If users have not learned various
entry (CPOE) features of systems, then the systems may
not be successfully integrated to the care
process.
This paper highlighted the importance of the
communication in informatics and examined
some solutions to communication difficulties.
It also investigated that the dynamics of
communication can improve the way we
design the systems in health care.
The successful implementation
needs“mutual transformation” between the
Patient care
organization and the technology. It can be
information
systems (PCIS) achievedby the sufficient supported by both
users and management.
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Work pace,
sequence,
dynamic

Unintended
outcome

Work pace,
sequence,
dynamic

Massaro, 1993

Computerized
physician order
entry (CPOE)

According to the implementation phase of
CPOE, this study indicated that the newly
implemented system threaten the value of
the organization and users. Information
technology alone cannot fix problems and it
only focuses on existing problems.
Successful implementation of new system
requires cross-functional innovation and
institutional change.

Han et al.

Computerized
physician order
entry (CPOE)

Increased mortality from 2.8% to 6.6%,
increased the turnaround time of medication
orders.

False positive
rate

Kerr et al.,
2002

Computerized
physician order
entry (CPOE)

False positive
rate

Kramer et al.,
2003

Electronic
medical record
(EMR)
database

The authors' findings regarding a
comparison of different data sources for
chronic disease quality measures suggest
how quality of care data can be collected in a
cost-effective and comprehensive manner.
Of 109 patients receiving outpatient care
who were identified with newly diagnosed
depressive disorder, 39 (35.8%) actually had
documentation of depression diagnosis and
antidepressant prescription within the
previous six months. Despite of a higher rate
of false-positives, EMR can validly identify
many cases of new-onset depression.
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Ash et al., 2004

Jha et al., 2009

Low adoption rate

Jha et al., 2006

Using qualitative approach to examine HISs
implementation, the study showed that the
systems seem to increase errors rather than
Patient care
decrease their chances. It also suggested
information
two different processes that these errors
systems (PCIS)
frequently occur: the retrieving and entering
prescription process, and the communication
process.
According to the survey results,the
implementation rates of HISs in U.S.
hospitals are very low: 1.5% of
Electronic
comprehensive electronic-records systems
medical record
and 7.6% of basic systems. Only 17% of
(EMR),
hospitals have CPOE systems. Such low
Computerized
implementation rates suggest one of major
physician order
obstacles in overall goal of healthcare
entry (CPOE)
system.The issues such as financial and
technical support, interoperability, and user
trainingneed to be solved.
Approximately a quarter of hospitals in U.S.
implemented EHRs in the ambulatory setting
in 2005, butonly five percent used CPOE
Electronic
medical record systems. Main issue of such low adoption
rates is large gaps in knowledge and
(EMR)
information about systems use among care
providers.
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CHAPTER 3. CONCEPTUAL MODEL

3.1

Research Framework

The theoretical frameworks in previous studies are unclear and limited to
providing an overview of HIS adoption. A solid theoretical framework is required
to understand the low adoption rate of healthcare information systems (HISs) and
unintended negative outcomes from HIS implementation. Though considerable
amount of research has suggested possible frameworks to examine the adoption
or acceptance of HISs (Chen, Wu, & Crandall, 2007; Chismar & Wiley-Patton,
2002; Han et al., 2005), these frameworks are formed by simply adding
additional variables or factors on existing technology adoption models such as
Technology Acceptance Model (TAM), United Theory of Acceptance and Use of
Technology (UTAUT), and Theory of Planned Behaviors (TPB) (Benbasat &
Barki, 2007; Han et al., 2005; Schaper & Pervan, 2007).
To solve the unexpected issues about current HIS implementation, this
dissertation suggest a new research model including conceptual and practical
approaches. As a conceptual approach, the customized HIS adoption model is
proposed. The model describes a unique HIS adoption process based on two
existing technology adoption theories, TAM and UTAUT, and distinctive
user/beneficiary structures of HIS. As a practical approach, task interruptions and
non-compliance behaviors are examined as specific causes of barriers to adopt
new HIS
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3.1.1 Conceptual Approach: Customized HIS Adoption Model
Figure 3.1 depicts the proposed model. As implied by the figure, the model
begins with TAM and its expanded form, UTAUT, to describe in detail two major
constructs, perceived usefulness (PU) and perceived ease of use (PEOU).
Different roles of two constructs in system adoption can be obtained by unique
user/ beneficiary structure of HIS. The distinction between system users and
beneficiaries in HIS is theoretically supported by the Systems Engineering
Initiative for Patient Safety (SEIPS) model (Carayon et al., 2006; Karsh et al.,
2007). SEIPS explains the healthcare work system with the interactions among
five factors: technology and tools, organizations, tasks, patients, and
environments. The system can generate patient outcomes and employee and
organizational outcomes. While care practitioners are employees of healthcare
work system and direct users of HIS, major benefits of the system, improved care
quality and patient safety are collected by patients. Such distinction helps to
develop different strategies to encourage the system adoption. Although care
practitioners recognize the role of HIS in improving care quality, task efficiency is
more critical criteria for them to foster intent of the system use.

3.1.1.1 Technology Acceptance Model (TAM)
The technology acceptance model (TAM) is one of the most widely used
research frameworks to describe information system adoption and explaining the
process of users’ system adoption attitudes. Over several decades, diverse
attitude theory models have been applied to understand how a new system or
technology is adopted. Among them, Theory of Reasoned Action (TRA) and
Theory of Planned Behavior (TPB) provided the fundamentals for TAM (Ajzen &
Fishbein, 1980). Based on the investigation of the adoption process of file-editor
and an e-mail system, TAM found that both PEOU and PU were notably
corresponded to self-reported system use (Davis, 1989). Due to its simplicity and
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applicability, TAM is most prevailing theoretical framework to explain the
implementation process of information systems (Venkatesh & Davis, 2000).

Figure 3.1 Research Model for Healthcare Information System Adoption

Basically, TAM has two constructs to affect the attitude of system acceptance:
perceived usefulness (PU) and perceived ease-of-use (PEOU). TAM proposes
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that when a new technology or system is introduced to users, the user decision
of acceptance depends on various factors with the two most important factors
being PU and PEOU (Davis, 1989, 1993). PU is defined as “the degree to which
a person believes that using a particular system would enhance job performance”
(Davis, 1989). PEOU is described as “the degree to which a person believes that
using a particular system would be free from effort “(Davis, 1989). The
relationship between major constructs is shown in Figure 3.2.

Figure 3.2 Technology Acceptance Model (Davis, 1989)
However, TAM is not the panacea for all technology acceptance problems. One
of the limitations of TAM is that the definitions of PU and PEOU are not clear,
which results in the confusion of the ambiguous relationship between them and
other factors (Karsh, 2004). The results of the TAM research are difficult to put
into practice. (Bagozzi, 2007; Benbasat & Barki, 2007). Instead of providing
practical recommendations to improve system adoption, most studies focused on
finding the factors that might influence adoption process (Venkatesh, Morris,
Davis, & Davis, 2003; Wang, Wan, Burke, Bazzoli, & Lin, 2005).
Despite some research attempts of TAM in the healthcare domain, the
shortcomings and limitation of the TAM approach still remained. Most TAM
studies on HIS were applied to the same constructs without consideration of
unique healthcare context or simply added another construct rather than
investigating actual barriers to adopt systems. Van Schaik et al. (2002) evaluated
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the effect of a portable system that assessed posture on clinicians. Since the
study used the same questionnaire as the TAM study, the results were simply
repeated without any distinctive aspects of HIS. Dansky et al. (1999) applied
TAM to physicians’ pre-implementation expectations about the EMR system. The
study only considered PU and job design principles were applied as predictors of
end-user acceptance. Chismar & Wiley-Patton (2002) applied TAM to general
Internet-based health applications. In this study, job relevance and results
demonstrability were added to describe the PU and social factors such as
subjective norm or image were also included. Though these studies attempted to
understand HIS adoption with TAM, they just figured out the connection between
external variables and TAM constructs and failed to suggest practical
recommendations to improve HIS adoptions.
Some distinctive issues of TAM application in HIS adoption are reported as well.
While TAM was designed for a voluntary use of a technology, most HISs are
implemented by institutional level decision and in mandatory manner (Van Schaik,
Bettany-Saltikov, & Warren, 2002). Moreover, TAM was based on simple
business information systems such as e-mail or text editor (Davis, 1989), yet,
HISs are much more complex in the functions and the implementation process.

3.1.1.2 Unified Theory of Acceptance and Use of Technology (UTAUT)
In the conceptual model, United Theory of Acceptance and Use of Technology
(UTAUT) is applied to overcome the simplicity issue of TAM. UTAUT is
empirically developed to understand user intentions to adopt information systems
by four factors: “effort expectancy, performance expectancy, facilitating
conditions, and social influence (Venkatesh & Davis, 2000). The four constructs
identify dynamic relationship among organizational context, user experience, and
demographic characteristics in the implementations of information systems
(Venkatesh et al., 2003). In addition, UTAUT smoothly combines its constructs
with two constructs of TAM by incorporating perceived usefulness (PU) into a
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performance expectancy construct, and perceived ease of use (PEOU) into
“effort expectancy”, “social norms”, and “facilitating conditions” (Holden & Karsh,
2010).

Figure 3.3 United Theory of Acceptance and Use of Technology (UTAUT)
(Venkatesh et al., 2003)
UTAUT is more appropriate to deal with the unique structure and the dynamic
features of care process. This is because the implementation process of HISs
requires a more complicated structure of constructs than that of TAM. A few
subsequent TAM studies suggested additional constructs such as personal
innovation (Agarwal & Karahanna, 2000), image (Rogers, 1995), and job
relevance (Thompson, Higgins, & Howell, 1994), but these constructs are added
without an appropriate verification process. Such patch-working type research
became a significant shortcoming for TAM research (Benbasat & Barki, 2007;
Lee et al., 2003). On the other side, UTAUT is blamed for having too many
independent variables for predicting intention to use and actual use, and it
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contributed to making information system adoption research confusing (Bagozzi,
2007). Van Raaij and Schepers (2008) insisted that the UTAUT is less organized
than TAM because its highly consistent empirical results are only achieved by
moderating the relationships between four constructs.

3.1.1.3 Systems Engineering Initiative for Patient Safety (SEIPS) Model
Unlike other industries, HISs have a unique structure; users and beneficiaries of
the system are not the same. Generally, care practitioners are direct users of the
systems, and they are more concerned about the efficiency and ease of use. On
the other hand, patients are the direct beneficiaries of the system. While patients
mainly give priority to their safety and improving quality of care, care providers’
major concerns may focus primarily on the efficient use of a new system and its
impact on their workload. For example, a survey showed that a number of
respondents mentioned that information systems could improve the care quality,
but almost half of them had no plan to adopt, because data entry takes too much
time (Massachusetts Medical Society, 2004). One study indicated that only junior
level students in a medical school believed that HISs make their work faster and
easier. As the level of medical training increased, students did not like the
systems because it was more rigid and less open to innovation (Wilson et al.,
2000).
The Systems Engineering Initiative for Patient Safety (SEIPS) model also
supports the unique user/beneficiary structure of HIS. Based on the work system
model and Donabedian’s structure-process-outcome framework, SEIPS model
suggests a framework for the structures, processes and outcomes in healthcare
(Carayon et al., 2006). As shown in Figure 3.4, the outcomes of healthcare can
be divided into two parts: patient and employee/ organizational. While patient
outcomes include patient safety and quality of care, employee and organizational
outcomes consist of job satisfaction, mental and physical workload, safety and
health, and turnover issue (Carayon et al., 2006). Since both outcomes are
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critical to assess and improve patient care quality, distinctive user/beneficiary
structure is essential to understand the HIS adoption process. However, since
SEIPS provides a holistic view on care delivering environments, its application on
HIS implementation or adoption process is limited.

Figure 3.4 Systems Engineering Initiative for Patient Safety (SEIPS) Model
(Carayon et al., 2006)
3.1.1.4 Other System Adoption and Acceptance Theories
Other information system adoption theories needed to be examined as
theoretical foundation. Diffusion of innovations theory mainly describes the social
process of a new idea among community members. The theory focuses not only
on dissemination of new ideas but also on the change of attitude and the
decision-making process in innovation diffusion (Singhal & Rogers, 1999). The
theory proposes five components of the diffusion of innovation: relative
advantage, compatibility, complexity, trialability and observability. However,
these constructs are ambiguous because the criteria used to judge the level of
constructs is often not clearly defined (Dillon & Morris, 1996). In addition, the
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theory argued that how innovation occurs consists of invention, diffusion through
the social system, time and consequences and innovation adopters which are
divided into five types based on their speed of uptake (Rogers, 1995). Since the
theory offers a background that one may investigate the propagation and impact
of new innovation over time, it is difficult to provide cross sectional view on user
acceptance at the time new system or technology is introduced.
Though the theory of reasoned action (TRA) and the theory of planned behavior
(TPB) are also frequently used in information research studies, TAM is better to
understand users’ intentions (Taylor & Todd, 1995). TRA is commonly used in
the social psychology domain, and main constructs consist of beliefs, attitudes,
norms, intentions, and behavior (Taylor & Todd, 1995). According to this theory,
the intention to perform decide individual's behavior, and the attitude and
subjective norm affect the intention (Ajzen & Fishbein, 1980). TPB is a
descendant of TRA (Ajzen, 1985). Similar to TRA, TPB includes attitudes,
subjective norms, and perceived behavioral control as crucial factors of intentions,
which sequentially determine behaviors. Though TPB was used in several
studies, the results have been somewhat mixed. Mathieson (1991) found that
TPB can describe the intention to use but fails to provide a detailed illustration of
the intention. Additionally, he noted that TAM was easier to apply. Taylor and
Todd (1995) concluded that TAM may be better to predict IT usage and easier to
apply. Thus, TAM provides a solid viewpoint on new technology or information
system acceptance. TRA and TPB significantly contributed to Management
Information System (MIS) research domain, and variety of further studies have
been added on the previous knowledge of system adoption and acceptance
theories. (Venkatesh & Davis, 2000).
3.1.2 Practical Approach: Interruptions and Non-compliance Behavior
The practical approach of the research framework is to examine the specific
potential barriers to implement HISs. The most common reason for failure of
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successful system implementation is that the lack of consideration of unique
features of the system environment. The implementation process should not be
treated as a simple technological task, and the human information processing
and organizational issues need to be considered (Markus & Robey, 1988). Thus,
the research framework proposes two ways to achieve the goal of smooth HIS
implementation: investigating the effects of interruptions on work performance
and causes of non-compliance behaviors.
Interruptions are a system-oriented cause of unintended outcomes of information
systems. Interruptions from multi-tasking cannot be overlooked in an information
system oriented working environment. For example, the pilot of a high
performance aircraft may have a variety of component tasks simultaneously
imposed. The nuclear power plant monitor who is analyzing data is deciding,
remembering, and scanning new information at the same time. In healthcare
domain, care practitioners need to adapt information overloading from integrated
multiple information systems and multi-tasking is one of job requisites for care
tasks (Brixey et al., 2005). Although many people consider that they can handle
multiple activities at the same time, psychology researches have shown that
most people can only attend to one task at a time (Wickens & McCarley, 2007).
Furthermore, the more information systems are implemented, the more
information people need to handle. Then, it is inevitable to perform various works
at the same time and the negative effects on task performance are more serious.
In contrast, non-compliance behaviors are a user-oriented cause. The gaps
between policy, practice, and empirical knowledge in healthcare work processes
are frequently observed in the implementation process of new HISs (Ash et al.,
2004; Han et al., 2005). Such gaps lead to intentional deviations such as
workarounds, deviances, violations, and shortcuts, which are called noncompliance behaviors. Non-compliance behaviors often occur to achieve the task
goal in poorly designed work processes and time constrained environments, and
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they can hardly be eliminated (Hayes, 2000). Several studies argued that noncompliance behaviors in HIS environment negatively influence the occurrence of
medication errors (Debono, 2010; McDonald, 2006; Spear & Schmidhofer, 2005).

3.1.2.1 Interruptions
Interruptions from information overloads or multiple tasking are a significant
precursor for errors or mistakes. Similar to other information systems, HISs
provide diverse information in fixed format and timing regardless of ongoing
process or task environments. Generally, Information overloads occur when the
amount of information input exceeds its processing capacity (Gross, 1964). Since
system users have limited cognitive processing capacity, interruptions are
unavoidable in information overload situations. Consequently, when interruptions
occur, decision quality is decreased and confusion about decisions is increased
(Chewning & Harrell, 1990; Malhotra, Jain, & Lagakos, 1982). Interruptions easily
cause errors and mistakes that worsen patient safety and care quality.
To assess the effects of interruptions in an information system environment,
different types of tasks need to be considered. Based on types of task, the
effects of interruption are varied (Kahneman, 1973). According to Rasmussen’s
classification, skill-based activities are based on the stimulus-driven bottom-up
process, but rule/knowledge-based activities are based on knowledge-driven topdown process in human information processing mechanism (Rasmussen, 1982;
Wickens, Gordon, & Liu, 2004). So, rule/knowledge-based processes requires
more cognitive resources than skill-based processes (Lehto & Papastavrou,
1993). Also, different types of tasks generate different types of human failure
modes. Reason (1990b) classified human failure modes corresponding to human
behavior categories. Human failure modes at the skill-based level are errors such
as a slip or a lapse, which do not cause serious harm in the healthcare setting
because they are quickly detected and recovered on the whole. On the other
hand, mistakes are human failures in the formation of an intention or in the
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choice of a strategy for achieving a goal, and occur at the rule or knowledgebased levels (Rasmussen, 1982; Reason, 1990). Mistakes are considered more
dangerous than slips or lapses because most of them have latent characteristic
and people making the mistake of thinking that they are doing the right thing.
Consequently, interruptions between different types of tasks trigger different
types of human failure modes.

3.1.2.2 Non-compliance Behaviors
Non-compliance behaviors are a representative form of user reluctance to adopt
a new information system. Non-compliance broadly refers to a failure or dissent
to conform regulations, rules, or the guidance (Ash et al., 2004; Kobayashi,
Fussell, Xiao, & Seagull, 2005). Generally, non-compliance behaviors include
workarounds, shortcuts and violations. Violations can be described as “deliberate
deviation from safe operating standards, procedures or rules” (Runciman, Merry,
& Tito, 2003). Lawton and Parker (1998) also define them as “deviations from
those practices deemed necessary to maintain the safe operation of potentially
hazardous systems”. If a violation is deliberate and has intention to cause harm,
it is called sabotage. Shortcuts, another non-compliance behavior, happen only
when time is limited (Kaplan, 1975). However, a few studies indicated that there
is lack of clear distinctions among them and many articles interchangeably use
them (Ferneley & Sobreperez, 2006; Halbesleben et al., 2008; Lalley & Malloch,
2010; Soares et al., 2012). Such ambiguity in distinction hinders the ability to find
the causes of non-compliance behaviors.
Non-compliance behaviors are difficult to eliminate. This may be because of the
coordinated and multi-directional characteristics of modern working environments.
Basically, more rules, guidelines and regulations are required to prevent noncompliance behaviors. However, since rules do not apply to all circumstances
and some rules are unfittingly written from the start, simply instituting more rules
and other constraints brings other forms of disobedience (Reason, 1998). Other
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than rules and regulations, the adoption of information systems produces
additional constraints. Information systems provide not only diverse sources to
complete work but also require additional guidance to follow. Sometimes such
guidance does not fit well with actual work practice and leads to non-compliance
behaviors. Most of the HISs are designed with a linear, sequential and
unidirectional workflow but actual care work can be achieved by distributive and
in an interruptive manners (Menke, Broner, Campbell, McKissick, & EdwardsBeckett, 2001). Thus, instead of establishing unnecessary additional rules to
prevent non-compliance behaviors, it is much better to examine potential and
probable causes and develop the strategies to ease off them.
3.2

Formulation of Hypothesis

Hypotheses are created based on the model presented in Section 3.1. The
model clearly indicates why user perspectives on the implementation processes
are important and how inadequate implementation process can affect care
quality and patient safety. To verify the model, the relationship between the
constructs of general technology adoption theory and the outcomes from HIS
implementation should be investigated.
In addition, the model also generates hypotheses on interruption and noncompliance that are system-oriented and user-oriented barriers respectively.
Since both barriers work as cognitive precursors of errors and mistakes that can
occur in HIS implementation, the hypotheses are developed to minimize negative
outcomes from interruptions and non-compliance.
3.2.1 Hypotheses on Customized HIS Adoption Model
The role of PEOU is as important as PU in the HIS adoption process. According
to the definitions from TAM research, PU measures how new systems improve
job performance and PEOU assess how much less effort is required with use of
new systems (Davis, 1989). TAM studies that have examined self-reported
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usage or intended use of the systems, and majority of them found that PU plays
a more critical role in the successful system adoption than PEOU (Lee et al.,
2003). Moreover, many studies have suggested that PEOU may operate through
PU (Adams et al., 1992). However, the result was based on simple information
systems such as an email system and a text editor. In the cases of more complex
and advanced technology systems such as HISs, the role of PEOU would be
significantly increased (Karsh, 2004; Keil, Beranek, & Konsynski, 1995). Thus, it
can be assumed that the role of PEOU would be significant in either self-reported
use or intended system use of HIS.
The distinction between users and beneficiaries of HISs clarifies the distinction
between the PU and PEOU constructs. As shown in the research framework, PU
includes perceived expectancy, and PEOU incorporates performance social
influence, expectancy, and facilitating conditions (Venkatesh & Davis, 2000).
Thus, PU in HIS is associated with the patient perspective on the system such as
patient safety and care quality. Meanwhile, PEOU indicates the efficiency or
productivity of care practitioners’ work and working environmental issues. In
addition, the information evolution model confirmed the importance of PEOU for
system users by the distinction between IT modification that can improve the
patient safety and care quality and process embellishment that enhances the
efficiency of work procedures, task-fit, and system usability (Lalley & Malloch,
2010).
Principle 1: Existing system adoption models such as TAM and UTAUT are
insufficient to apply to the implementation of HISs due to complex system
functions and dynamic and interactive feature of care process. Based on the
distinction between patients and users that was inspired by SEIPS, a customized
HIS adoption model should incorporate the unique beneficiary/user structure of
the system, PEOU and its external variables such as performance social
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influence, expectancy, and facilitating conditions are more critical to successful
adoption.
Hypothesis 1: In the Healthcare Information Systems (HISs) adoption
process, patients are considered as beneficiaries of the system and
Perceived Usefulness (PU) is associated with them, and care practitioners
are users of the system
Hypothesis 2: In the Healthcare Information Systems (HISs) adoption
process, Perceived Ease of Use (PEOU) is as important as Perceived
Usefulness (PU).
3.2.2 The Effect of Interruptions in HIS
Interruptions are frequent forms of difficulties inherent in non-linear, iterative and
exception driven activities of the HIS process. Since HISs support the care
practitioners’ decision-making process that requires high cognitive resources and
appropriate allocation of attention, modifications in workflow, sequence, and
interactions are inevitable to deal with interruptions and the effects of
interruptions also become more serious (Campbell et al., 2006; Berg, 1998). The
National Health Policy forum informed that, even though several studies have
showed that care practitioners’ productivity often increase over time as users are
accustomed to a newly implemented system, the productivity can decrease
roughly 20% within the first three months after the system implementation
(Overhage, Perkins, Tierney, & McDonald, 2001).
Generally, interruptions increase workload and decrease human reliability. Given
the harmful effects of interruptions on human cognitive performance in the
information system environments, understanding interruptions in HISs is
important to improve healthcare quality and reduce the workload of healthcare
practitioners. According to the Agency for Healthcare Research and Quality
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(AHRQ) report, interruptions and distractions are directly related with medical
errors (Hickam et al., 2003). One study indicated that frequent interruptions and
distractions seemed to contribute to errors in 14 among 106 responses (Desselle,
2005). Incident reports showed that interruptions are reported as one of main
causes of dispensing errors in 11.4% of all cases (Ashcroft, Quinlan, &
Blenkinsopp, 2005).
The concept of interruption can be differently interpreted by different perspectives:
human factors and healthcare. Potter et al. (2005) argued that interruption from
the human factors perspective can be defined as any types of sensory stimulus
that stops current ongoing human task or performance, and that from a
healthcare perspective is actions on the part of other staff or occurrence within
the environment that disrupts the performance of overall task sequence. The
human factors perspective focuses on more micro level of task performance and
procedures, but the healthcare perspective is more interested in comprehensive
job completion and performance. To measure the influence of interruption, the
factors considering cognitive performance include frequency, duration, content,
complexity and timing (Kahneman, 1973).
Principle 2: Due to dynamic and complicated decision-making processes, some
level of interruptions is inevitable in HIS environment, and an interruption
generates negative impacts on performance. Furthermore, such an interruption
triggers many errors and mistakes. The factors considered on cognitive
performance include frequency, duration, content, complexity and timing
(Kahneman, 1973).
Hypothesis 3: An interruption more negatively affects the performance on
complex and cognitive resource dependent tasks.
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Hypothesis 4: More frequent interruptions degrade the performance of
the decision-making process.
3.2.3 The Causes of Non-compliance Behaviors in HIS
Non-compliance behaviors including workarounds, violations, and shortcuts,
frequently occur in HIS environments. Even simple work processes in the
successfully implemented systems can sometimes creates gaps between
intended and actual processes. Such gaps and lack of social consideration may
lead to non-compliance behaviors. Dowling (1980) found that 45% of the
information systems in randomly selected hospitals failed because of noncompliance or user resistance, even though the systems were technologically
sound.
Principle 3: Non-compliance behaviors are short-term work processes to
circumvent the blocks and constraints with deliberative motivation to deviate from
established work procedures. In general, a non-compliance behavior occurs with
two key elements: circumvention of the blocks that hinder accomplishment of the
goal and motivation to take different routes from intended guidelines or given
procedures. Also, it is perceived as a quick fix for a system or workflow’s glitches
or can fix only visible problems but cannot remove underlying causes to prevent
recurrence (Tucker & Edmondson, 2003). Furthermore, it can occur at all levels
of the organization in response to changes in policies, rules, procedures,
systems, and user perceptions.

Hypothesis 5: Nursing tasks in HIS environments seems to be simple but
their repeating and complex patterns of connections between them exist,
and analysis of them provides the understanding why non-compliance
behaviors occur.
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3.3

Summary

By testing these five hypotheses, the objective is to gain insight into the unique
system adoption framework of HISs and the specific adoption barriers such as
interruptions and non-compliance. The hypotheses given in this section are
marked on the conceptual model in Figure 3.1. The findings for the customized
HIS adoption model (H1 and H2) are given CHAPTER 4, and the findings for the
effect of interruptions (H3, H4) and the causes of non-compliance behaviors (H5)
are given in CHAPTER 5 and CHAPTER 6.
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CHAPTER 4. STUDY 1: UNDERSTANDING PERCEIVED USEFULNESS
AND PERCEIVED EASE OF USE OF SYSTEM ADOPTION THEORY IN
THE HEALTHCARE DOMAIN

4.1

Introduction

Study 1 addresses the first research question proposed in Section 3.1. Based on
previous system adoption theories, the customized HIS adoption model is
suggested with unique features of the healthcare domain to explain the
implementation process. Two hypotheses need to be tested to verify.
Hypothesis 1: In the Healthcare Information Systems (HISs) adoption
process, patients are considered as beneficiaries of the system and
Perceived Usefulness (PU) is associated with them, and care practitioners
are users of the system.
Hypothesis 2: In the Healthcare Information Systems (HISs) adoption
process, Perceived Ease of Use (PEOU) is as important as Perceived
Usefulness (PU).
One way to verify the feasibility of the model and the above hypotheses is to
identify the moderators and mediators of the success or failure of HIS adoption.
Although information technology is proposed as a potential solution to improve
care quality and patient safety, unexpected negative effects and low adoption
rates have been reported. Since existing theoretical models have not
successfully explained the discrepancy, a new contextualized model of
technology acceptance is required to solve the issues.
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As one way to build a new model, connecting theoretical constructs with practical
influencing factors is suggested.
The influencing factors can supplement the shortcomings of existing system
adoption theories. As described in the previous chapter, the unclear concepts of
PU and PEOU in TAM and UTAUT are some of main barriers to limit their
applications in HISs (Holden & Karsh, 2010). PU is defined as the degree that
users perceive the improvement of job performance through using the system
and PEOU as the degree that users perceive fewer efforts in complete job
through using the system (Davis, 1989). Another definition of PU includes
performance improvement, efficiency and quality; meanwhile PEOU is
associated with the system usability (Karsh, 2004).However, theses constructs
are not independent of each other and difficult to expand to the complicated
adoption process of HISs. Influencing factors that can connect vague constructs
with actual measures of the system use are required for successful applications
of the adoption theories in HISs.
In addition, the influencing factors can reveal the different perspectives of
existing adoption theories. According to several studies that used TAM, PU plays
more significant roles in determining information system adoption than PEOU
(Davis, 1989; Davis, Bagozzi, & Warshaw, 1989; Schaper & Pervan, 2007; Van
Schaik, Bettany-Saltikov, & Warren, 2002). The reason PU is more important is
that a new information system is mainly adopted not because the system
provides inherent IT functions but because the system is a aiding tool to achieve
the goal of organizations tasks (Davis, Bagozzi, & Warshaw, 1992). Expectedly,
some studies have challenge the overall importance of PEOU in system adoption
and the potential contributions of PEOU to system adoption were not taken much
attention (Keil et al., 1995). In addition, the effect of PEOU was more inconsistent
and some studies asserted that it became no longer important to accept and use
the systems (Chismar & Wiley-Patton, 2002; Han et al., 2005). However,
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considering the dynamic and complex features of care tasks, PEOU would
significantly affect the HIS adoption, because PEOU is a construct to understand
usefulness of new system (Bajaj &Nidumolu, 1998; Chau, 1996; Davis et al.,
1989; Gefen & Straub, 2000; Igbaria, Zinatelli, Cragg, & Cavaye, 1997).
Thus, based on the implementation process of the Bar Code Medication
Administration (BCMA) system, this study investigates the influencing factors in
medication administration process. Since nurses are the largest number of
employees in healthcare domain and the medication administration process is
most critical care process to patient safety, the implementation process of BCMA
system was selected as a research background. Data are collected using
interviews with care practitioners. The data are analyzed by a qualitative
approach to find which areas need to be focused for successful implementation
of BCMA system. Accordingly, the objectives of this study are (1) to suggest new
perspective of system adoption research on HIS adoption, (2) to investigate key
influencing factors about new HIS implementation based on current healthcare
practitioners’ interviews, (3) identify missing areas being scrutinized for smooth
and fitted implementation of HISs.
4.2

Background

4.2.1 Medication Administration Process
Medication administration is a complicated and time-consuming process included
in a nurse’s role (O’Shea, 1999). Normally, physicians prescribe and pharmacists
dispense medications, but nurses are responsible for the safe administration of
medications (Gibson, 2001). Nurses should know the correct medication
administration procedures to achieve five rights (right dose, right drug, right
patient, right time, and right route). Broadly, the medication administration
process includes preparing and checking medications, updating medication
information, monitoring patient conditions, reporting adverse drug events, and
training patients about their medications (DeLaune, Ladner, Wilson, & Keegan,

48
2002). In general, nurses spend up to 40 percent of their time in medication
administering process (Shane, 2009).
The medication administration process is prone to error. Contributing factors for
the errors at the medication administration stage may include nurse errors,
information system design, and the actions of physicians, pharmacists, and other
nurses. Since the process is the last opportunity to prevent the harm to patients,
medication errors are very difficult to intercept. Nurses often assume the
responsibility for the error even though the actual causes are rested with the
actions of others or the system design (Wakefield, Wakefield, Uden-Holman, &
Blegen, 1996). Compared to other care processes, the medication administration
process and associated information systems have not been studied enough
(Holden & Karsh, 2007).
4.2.2 Bar Code Medication Administration (BCMA) System
Bar code systems have been implemented to reduce errors in the medication
administration process. The BCMA process consists of four steps that nurses
should follow; preparation, scan, match, and follow-up. In the preparation step, a
nurse obtains medications and administering supplies from dispensary, logs on
to the BCMA system, and sets up the scanner. In the scan process, a nurse
respectively scans bar codes on the patient’s wristband and on the medication.
The two scans retrieve patient information and medication information from
electronic medical record systems and present the information on a display. In
the match process, a nurse ensures that the patient information matches the
actual patient, that the medication information matches the actual medication,
and that dispensation matches the patient’s prescription. In the follow-up
process, a nurse can return the scanner, log out of the system, and prepare and
administer medications to the patient (Bargren & Lu, 2009). The BCMA process
is as important as other medication processes such as prescribing, transcription,
dispensing, or monitoring because it is the last opportunity to avert harm to
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patients. However, according to Shane (2009), 38 percent of preventable
medication errors happened at the BCMA process.
Many peripheral systems support the BCMA process. Such systems interactively
exchange patient and medication information between other healthcare
information systems. Some peripheral systems include 1) Electronic Medical
Administration Record (eMAR); 2) Pharmacy dispensing systems; 3) Pharmacy
information systems; 4) Computerized physician order entry systems (CPOE).
The eMAR contains patient’s medication information and functions as a
backbone to all HISs; the CPOE system provides prescribing information; the
pharmacy information and dispensing systems help medication preparation and
dispensing schedules; the laboratory and radiology system provides additional
patients’ diagnostic information.

Figure 4.1 Nursing Healthcare Information Systems
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4.2.3 Technology Acceptance Model (TAM) and its Key Constructs
As mentioned in the previous chapter, the study’s conceptual research
framework is based on the Technology Acceptance Model (TAM) and its
expanded version, the United Theory of Acceptance and Use of Technology
(UTAUT). These two models reasonably propose a causal relationship between
users’ perceptions and actual acceptance of a newly implemented information
system (Venkatesh & Davis, 2000). In the healthcare domain, TAM is the most
broadly used research framework to understand HIS adoption and its
applications include picture archiving and communication systems (Duyck et al.,
2008),telemedicine technology (Chau & Hu, 2001, 2002; Hu, Chau, Sheng, &
Tam, 1999), and computerized provider order entry (CPOE) (Barki, Paré, &
Sicotte, 2008). According to the results from the literature, two important
research directions are proposed for modeling HIS adoption: adding variables to
models of HIS acceptance and contextualizing key constructs by modifying
models (Holden & Karsh, 2010).
Due to the lack of formal definitions, contextualizing the key constructs of TAM is
necessary to HIS application. Table 4.1 shows studies varied in how key
constructs were conceptualized. PU was defined as improvement or gains in task
performance through the use of information system. However, job performance
can be measured by various criteria such as easier completion of tasks,
improving care quality and patient safety, enhancing efficiency, and reducing
costs (Wu et al., 2006). Another issue is that, since PU depends more on
individual performance, it is difficult to incorporate performance of other team
members, patients’ families, or referring specialists. In addition, it was uncertain
whether PU includes enhanced process modification or workflow changes (Karsh
et al., 2006). Similarity, the definitions of PEOU were vague and broad. PEOU
was either simply defined as the lack of effort. This definition may fail to consider
repetitive tasks with low efforts and may not address the general issues of
system usability problems.
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Contextualizing means not only clarifying the definitions of key constructs but
also refining the relationship among them. From the original TAM study, it is
confirmed that the link between intention to use and PU is tightly connected, and
many subsequent studies also demonstrated that PU is a critical determinant of
intention to use and actual use (Davis, 1989; Holden & Karsh, 2010; Lee, Kozar,
& Larsen, 2003; Legris, Ingham, & Collerette, 2003). It indicates that users
willingly use the system that has a critically useful functionality (Davis, 1989).
However, a limited amount of studies showed the importance of PEOU in system
use (Bajaj & Nidumolu, 1998; Chau, 1996; Igbaria et al., 1997). Gefen and Strub
(2000) demonstrated that the importance of PEOU is associated with the type of
the task. Accordingly, the study insisted that PEOU directly influences system
adoption only when the main task for which the system is implemented is directly
related to an integral part of system functions and interface.

Table 4.1 Definitions of TAM Constructs
Construct
Perceived
usefulness

Perceived
ease of use

Definitions

Reference

Degree of enhanced personal performance
through system use

Davis, 1989,
Davis et al., 1989

Extent of increased job performance by
means of system use

Venkatesh, 2003

Degree of free from physical or mental effort
in system use

Davis, 1989,
Davis et al., 1989

Magnitude of ease related associated with
using system
Extent of accessibility to resources,
expertise, and opportunities required for
system use

Venkatesh, 2003
Ajzen, 1980

In addition, adding variables to models of HIS acceptance can improve the model
of HIS adoption. Generally, variables can be divided into external and internal.
External variables are equivalent level to key constructs such as PU and PEOU,
and they mainly show system characteristics. Since inception of the TAM study,
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a number of variables were introduced (Lee et al., 2003). Some examples of
frequently added variables are voluntariness (Moore & Benbasat, 1991),
compatibility (Rogers, 1995), self-efficacy (Bandura, 1977), job relevance
(Thompson, Higgins, & Howell, 1991) and system output or information quality
(Venkatesh & Davis, 2000). However, simply adding new variables to the system
adoption model results in a patch-working type of research and this became one
of the shortcomings of the TAM research (Moore & Benbasat, 1996). Thus, this
study focuses more on developing internal variables such as moderators or
mediators that are indicators of system success.
4.2.4 Measures of TAM Key Constructs
Several dimensions to measure TAM key constructs and system satisfactions
have been suggested. Holden et al. (2012) measured the degree of PU and
PEOU on a newly implemented bar coded system using a survey tool. The
survey includes several measures for PU and PEOU, and the study concluded
that user perceptions of PU and PEOU varied, and many users rated the system
unfavorably on the measures. Holden et al. (2011) also measured the successful
implementation of electronic health records to verify the facilitators and barriers
to clinicians’ use such as learning and understanding system functions, typing
proficiency, motivation to use, and workarounds. The results indicated that
simple system implementation does not guarantee successful adoption of the
system. The system adoption need to be considered by the features of user and
system, supports from surrounding systems, and organizational and working
environment. Sittig and Singh (2010) suggested a new socio-technical model for
understanding the adoption of HIS with several dimensions such as infrastructure,
care context, system interface and specifications, workflow and procedures,
communication, organizational policies and regulations, culture and human
resource, and monitoring and feedback function. However, these dimensions are
integrated and structured. Since some approaches are limited to specific system
applications and others are too broad to apply the concepts of TAM key
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constructs, the author of this study has decided to use the original TAM study’s
measuring dimensions.
4.3

Method

4.3.1 Study Design
A qualitative research methodology was used to find themes and repeating
patterns that emerged from the data. In this study, a semi-structured interview
was used to investigate the attitude of the BCMA system adoption.
4.3.2 Site and Participant Sampling
Nurses and pharmacists were recruited from inpatient units at a large tertiary
care teaching hospital in the Midwestern US, where the BCMA system was
implemented to the medication administration process. During the study, the
hospital was implementing the BCMA system, and user-training sessions were
held for the potential users in the hospital. Using the BCMA system, nurses can
obtain the patient’s information and laboratory test results from electronic medical
administration records (eMAR) system; confirm right medications and right
patient through scanning; and efficiently communicate with physicians,
pharmacists, and other care practitioners.
A purposive sampling strategy (Patton, 1990) was used to identify healthcare
providers who were more likely to have experienced situations involving the
BCMA procedures. The purpose of sampling in qualitative research is to identify
a group that will best exemplify the conditions under which a particular finding
appears and operates, rather than the conventional need to generalize the
findings (Patton, 1990). Nurses and pharmacists in intensive care units, medicalsurgical units, and specialty units, which were scheduled to implement to the
BCMA system, were recruited. Pharmacists and nurses who worked full time at
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the institution for at least one year were eligible for inclusion. A total of 12
interviews were conducted.
4.3.3 Procedures
Data were gathered from digitally recorded in-person interviews. The interview
durations were not measured, but each session took approximately 30 minutes.
All interviews took place in private offices. Three members of the research team
conducted interviews. The interviews were conducted during April of 2009.
To facilitate effective data gathering, a semi-structured interview guide was
developed (see Appendix B). The interview guide was designed to elicit the
experiences, attitudes, and behaviors of the respondents related to the BCMA
system and other information systems in hospital. The guide consists of a mixed
set of open-ended questions and multiple-choice questions to encourage
participants to provide more details about their views and reasoning. Questions
were derived from the review of the literature and through team discussions.
Interviews were mainly focused on the effect of new information system
implementation on medication administration and communication process. The
detailed topics included current healthcare information system environments and
back-up processes, communication features and problems in the medication
administration process, and expectations and concerns about new information
system implementation. Interview results were recorded, transcribed, and content
analysis was undertaken to identify key concepts and repeating patterns.
Institutional review board approval was acquired for conducting observations and
interviews for nurses and pharmacists. The interviews were confidentially
recorded and stored. Written informed consent was obtained from all participants.
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4.3.4 Codification
The general qualitative data analysis approach was used to find the influencing
factors. The interviews were transcribed into Microsoft Word documents and
transcripts were then prepared for coding. Three members of the team
separately read and open-coded the interviews by highlighting words, phrases,
sentences, and “chunks” of related sequences and labeling those responses.
Following qualitative methods and procedures, those three team members
categorized responses and labeled them for salient themes or issues, and then
discussed the results before finalizing a coding scheme. After identifying
overlapping or redundant codes, the final results consisted of 10 codes that
divided into five categories (see Table 4.2). To be specific, two coders separately
coded the five sets of the transcripts, and they discussed the results to ensure
the consistency of the coding process. Next, three other transcripts were read
separately and labeled to determine whether the resultant code was successfully
applied and whether additional codes should be added. After discussion it was
determined that no new codes were needed, and the coding process for the
remaining transcripts was constructed in the same way. Inter-rater reliability
measures show substantial agreement levels: Fleiss’ Kappa value was 0.635 and
Conger’s exact Kappa value was 0.637.
4.4

Findings

4.4.1 Respondent Description
Five nurses and seven pharmacists were interviewed. The participants’ work
experience ranged from six months to 35 years and their ages ranged from 27 to
54. Most were female (N=10) and only two were male. Nurses were from three
different departments: obstetrics and gynecology, intensive care unit and a
medical-surgical unit.
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4.4.2 Nurse and Pharmacist Experience with Information Systems
The six measuring dimensions of PU and PEOU that were used were based on
the original TAM study. Davis (1989) proposed a six item measurement tool for
PU. Among six measures, the three items most commonly selected were: (1)
system increases the productivity; (2) system increases job performance; and (3)
system enhances effectiveness on the job. Three measuring items for PEOU
were used in the same way: (1) learning to operate is easy for me; (2) system is
easy to complete what users want to do; and (3) system is flexible to interact with
other systems. Legris et al. (2003) confirmed the internal consistency of these
measures for PU and PEOU (Cronbach alpha of PU measures is greater or
equal to 0.83 and Cronbach alpha of PEOU measures is greater or equal to 0.79).
Table 4.2 shows the mapping between five measuring dimensions of PU and
PEOU and 10 different codes obtained from the transcribed interviews. First,
since improving patient safety is the fundamental objective of HISs, the job
performance and effectiveness of HIS can be described by overall system
satisfaction and patient safety. Several studies and comments from interviews
indicated that patient safety could be quantified by adverse drug events,
medical/medication errors or mortality rate (Agency for Healthcare Research and
Quality, 2010, 2013; McGlynn et al., 2003). Second, productivity is another
measuring dimension for PU and documentation time and quality, workload,
effective communication, and task-fit can be categorized into this dimension.
Third, interoperability is one of the measuring dimensions of PEOU and includes
system down time strategies and integration with existing systems. Forth,
learnability and usability emerged from interview results and these can be
matched with PEOU measuring dimensions. The results of mapping demonstrate
that PEOU significantly affect the BCMA system adoption as much as PU, which
is different from initial studies of TAM.
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Table 4.2 Codification Results and Quotes
Category

Job
performance
and
Effectiveness
(Satisfaction)

Measuring
dimension
(Davis, 1986)

Code

System
increases job
performance

Patient safety

System
enhances
effectiveness
on the job

Overall system
satisfaction

Documentation
time/quality

Productivity

System
increases the
productivity
Workload

Quote
“New system can help right drug
and right patient, but it will make
much more difficult in daily work.
At least it will be time consuming
initially.”
“New system will be good for
patient safety, but there would be a
lot of questions at least initially.”
“I’m very satisfied with current
system and work environment. So,
new system implementation
generates reluctance to adoption.”
“New system will improve patient
safety because it will reduce the
documentation.”
“I expect new system will improve
the documentation.”
“I actually concern about workload
increase with new system.”
“New system will make much
worse daily work because it
requires additional tasks and time.”
“Training for new system is
important. New system can
increase workload. The more
patient safety is achieved, the more
additional works are needed.”
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Table 4.2 Continued

Effective
communication

Task-fit

System
downtime
strategy

Interoperability
(System
environment)

System is
flexible to
interact with
other
systems

Usability

System is
easy to
complete
what users
want to do

System
interface
design

Learning

Learning to
operate is
easy for me

Learnability/M
emorability

Integration
with existing
systems

“New system will improve the
patient safety and daily work, and
communication and cooperation
will be improved as well.”
“Daily work also improves with new
system, but just for safety issue.
However, communication will be
not impact from it.”
“New system will improve current
work process but it has not clear
picture.”
“In down time, we use hand written
labels. When it comes back, it’s
disaster. There are lots of works to
do, but the systems go down
frequently.”
“ The problem is no link between
order and pharmacy system.
Currently, three different systems
are needed to use for patient
information. Since they are
completely different, we need to
memorize some information.”
“Hopefully, new system will be not
time consuming and be easy to use
and user friendly.”
“New system will improve patient
safety but he doesn’t know how to
effect. It will not much impact on
daily work but improve data
management.”
“New system will provide more
detailed information about patient
and medications they had.”
“We have to use all of these
different programs instead of one
or two. We have to login all
programs. So, we have to have five
or six passwords in a time.”
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Diverse perspectives and opinions on the effects of the implementation of the
BCMA system were identified from the interviews. All respondents reported
having a direct experience with at least one type of information system in their
care tasks. Eight comments indicated that the system improved patient safety
and communication with other care practitioners. Seven comments showed
negative impressions about the new systems and argued that the previous paper
based system was effective enough. Also, they mentioned the new information
system increased their workload. Others had mixed opinions about the system.
In sum, they suggested that the new system improved patient safety, but that the
daily work required additional tasks. The codes illustrate the perceived effects of
the new HIS by actual users’ point of view, not by system designers’ or
management’s. So, the codes can be used as criteria of system adoption.
4.5

Discussion

4.5.1 Some Distinctive Issues for Smooth System Implementation
First, many of the interviewees indicated that the incomplete integration between
existing systems and a new system can generate the resistance to adopt the new
system. As different types of information systems are implemented,
interoperability between systems will be a significant barrier to successful system
implementation. A study reported that the mortality rate of patients increased due
to a new HIS implementation and the main cause was estimated to the
unexpected delays of care process by the incongruous implementation process
(Han et al., 2005). Such incomplete system integration can also increase
physical and mental workload of the practitioners.
Second the system downtime is another main barrier to successful system
adoption. Even in the well-maintained system environment, some downtime is
necessary for system maintenance or data update. Additionally, unexpected
system failure occasionally happens. During downtime, one would assume that
transitioning to a backup system can produce a lot of miscommunication and
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mishandling of patient data. In addition, if the backup has a different system
format such as paper-based, the transitioning possibly increases the risk of
unintended side effects such as medical/medication errors or adverse drug
events.
Third, the care practitioners’ perception of a new information system on patient
safety is not uniform. Some expected that the new system would have no effect
on the patient’s safety and nurses’ daily work because they perceive that the new
system seems to have a lot of overlap with a previous system (see Appendix A.
Positive comments). On the other hand, others thought the new system would
not only improve work procedures and the patient’s safety but also positively
influence efficient communication processes and cooperation because the new
system is time efficient in the medication data handling and documentation
processes (see Appendix A. Negative comments). These mixed views on patient
safety can be based on the different perspectives on care practitioners’ task. The
negative perception of the system relates to the evaluation of the intrinsic
features of the system such as ease of use, learnability, flexibility and clarity of
the system interface. On the other hand, the positive perception is respond to
extrinsic features such as task-oriented outcomes, effectiveness and productivity
of tasks (Gefen & Straub, 2000).
4.5.2 Explanation of the Constructs of System Adoption Theory with Coding
Results
Based on the analysis on the interview results, the relationship of two main
UTAUT constructs and coding results are shown in Table 4.3.
The codification results confirm that the main constructs of the system adoption
theories in the healthcare context are ambiguous. Several studies already
maintained that the application of the system adoption theories is not appropriate
in the healthcare domain and needs customized variables and measuring criteria
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of the healthcare domain properties (Holden & Karsh, 2007; Yarbrough & Smith,
2007). Dansky et al. (1999) also suggested the several important factors to
measure PU such as patient care and clinical work. Additionally, their study
incorporated two different sets of care providers’ expectations to assess PU: (1)
the system’s contribution to improve patient care and (2) the system’s
contribution to improve the work productivity. Thus, the performance of
information systems and their impact on productivity of the care providers can be
regarded as two main elements of PU. As shown in the table, the system’s
performance can be influenced by Adverse Drug Events (ADE),
medical/medication errors, or mortality rates, and these measuring criteria are
associated with the patient safety (Han et al., 2005; Koppel et al., 2005).

Table 4.3 Relationship of TAM Constructs with Coding Results
TAM
Construct

Moderator
Job performance

Perceived
usefulness
(PU)

Productivity
Effectiveness

Perceived
ease of use
(PEOU)

Code
Safety issues (
Medical/Medication error,
Mortality rate)
Documentation
time/quality, Task-fit,
Workload, Effective
communication
System satisfaction

System efficiency

Down time strategies,
Integration with existing
systems

Usability

Interface design, ,

Learnability

Learnability, Memorability

Beneficiary
Patient

Care
practitioner

The productivity of care processes is critical to adopt the system. Many
interviewees commented that effective communication, workload, task-fit, time
consumption and task redundancy are the main evaluating criteria for successful
system implementation. Even though interviewees did not directly mention it, it is
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easily inferred that many of them are apathetic about the effects of a new
system’s performance on patient safety or they blindly accept the improvement of
care quality. This is mainly because the care providers themselves do not decide
to implement the system, and they put more value on their additional tasks or
increased workload to learn new system procedures than on the implementation
of work process.
System efficiency and usability facilitate the understanding of the PEOU in HIS.
While the usability of the system interface has been frequently discussed in the
Human Computer Interaction (HCI) domain, few studies (Gefen & Straub, 2000;
Holden et al., 2012) have been conducted on system efficiency. As many
interviewees commented, easy transferability of clinical data with a back-up
system and integration with existing system significantly affect smooth system
functions and increase the satisfaction on a newly implemented information
system. Additionally, optimized strategies for required downtime also reduce the
unnecessary effort of practitioners to maintain the care quality.
Accordingly, while most healthcare system research has been focused on the
system’s impact on the care quality, the influence on practitioners’ productivity
needs further investigations. Particularly, workload due to system change may
affect not only the successful adoption of a new system but also the frequency
and level of medical/medication errors.
4.6

Limitation

Based on the results, two potential studies can be suggested. One is that
longitudinal study on healthcare practitioners’ cognitive workload of system
implementation may provide meaningful results. Another promising future
research area is the effect of new system implementation on the communication
process. As some interviewees mentioned, the communication within and
between departments account for a considerable amount of working time and the
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consequences of miscommunication such as distraction or interruption are
directly related to medical/medication errors. It is believed that these further
studies can demonstrate the relationship between the successful implementation
of a new information system and practitioners’ workload and the frequency of
errors.
4.7

Conclusion

This study suggests moderators of two key constructs of TAM: perceived
usefulness (PU) and perceived ease-of-use (PEOU), based on the qualitative
analysis of focus group interviews. The results suggested that simple application
of existing system adoption models couldn’t be successful in HIS application and
necessity of contextualized system adoption framework in the healthcare domain.
According to the codification of interview data and matching with moderators of
key constructs, the results reflect the healthcare domain’s unique user structure
and in-depth appreciation of system adoption constructs. Thus, to understand the
adoption process of HIS, it is essential to recognize unique structure of users and
beneficiaries of the system. While patient safety and care quality functional
performance would be the main measures of successful implementation of
healthcare information systems, the measures are not mostly beneficial to the
care providers. In addition, PEOU is as important as PU in HIS adoption process.
The system efficiency usability, and learnability are meaningful for their
satisfaction with the new system implementation as much as job performance,
productivity and effectiveness.
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CHAPTER 5. STUDY 2: THE EFFECTS OF TASK INTERRUPTION ON HUMAN
PERFORMANCE

5.1

Introduction

Interruptive environments are widespread in modern workplaces and the
negative effects from interruptions are taken as more serious. Interruptions from
the information systems, such as email, instant messaging and web assistants,
provoke that the amount of information a human receives outweighs the amount
of information a human can handle, and human performance can easily be
overwhelmed by overloaded information from interruptions (Cutrell, Czerwinski, &
Horvitz, 2000). Also, such interruptions are increasingly competing for workers’
attention and adversely affect task performance and emotional states. However,
most workers argue that an interruptive work environment becomes a common
and multi-tasking is an essential working strategy for dealing with numerous,
simultaneous information inputs (Freedman, 1997). Generally, interruptions
increase task completion time, lead to worse decisions, more errors, frustration,
annoyance and anxiety (Carayon et al., 2007; Cutrell et al., 2000; Gillie &
Broadbent, 1989).
This study addresses the second research question proposed in Section 3.2.2.1:
How do interruptions affect human task performance with systematic task
classification? The effects of work performance by interruptions, which consist of
cognitive tasks and motor skill tasks, are examined.
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Hypothesis 3 examines the effects of different types of task on the work
completion time and error rates, while Hypothesis 4 examines the effects of
interruption frequency. Both hypotheses are repeated in this section for
convenience
Hypothesis 3: An interruption more negatively affects the performance on
complex and cognitive resource dependent tasks.
Hypothesis 4: More frequent interruptions degrade the performance of
the decision-making process.

5.2

Background

5.2.1 The tasks used in previous interruption research
The tasks used in the previous interruption studies were selected without
consideration of the task types. The first interruption research, which is traced
back to the 1920s, used simple tasks such as solving puzzles and stringing
beads (Weybrew, 1984). The research found out that people more easily
remember the tasks during which they have been interrupted than those they
completed. Other studies also used comparing different interface designs of
calculators (Kreifeldt & McCarthy, 1981), data searching tasks and looking up
book titles (Field, 1987), and computer-based game tasks (Gillie & Broadbent,
1989). These studies demonstrated that the overall effects of interruptions were
investigated, but, due to lack of consideration of task types, they did not provide
recommendations to reduce their harmful effects on task performance.
In recent research, different types of task were employed in interruption
experiments, but the results did not include the effects of task type on work
performance. Eyrolle and Cellier (2000) employed more realistic working
environment and three different types of tasks: creation, regularization and
modification tasks. The study investigated the sensitivity of temporal constraints
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on task performance and error rates. However, the tasks were chosen without
consideration of cognitive demands, which can be a distinctive feature of modern
working tasks. Monk (2004), using programming a VCR with a simulated
interface as a primary task and tracking moving targets on a computer screen as
an interrupting task, suggested the importance of interruption timing on task
resumption and insisted that the middle of the task is the most critical moment for
resuming interrupted tasks. Other studies applied various types of tasks such as
text editing, phone calls, visual search tasks, call center tasks, complex resource
allocation tasks, and more (Burmistrov & Leonova, 1997). Even though the tasks
used in the study were well designed for examining various attributes of
interruptions, they lacked a systematic approach to differentiating human tasks or
behaviors. Such distinction of tasks can be one of the important variables in
evaluating interruption effects on task performance.
5.2.2 The Classification Criteria of Task
The classification of human tasks has been attempted from the early twentieth
century. The origin of task classification is originated from Taylor’s work method
analysis (Taylor, 1911) and Miller proposed traditional human factors task
analysis (Miller, 1953). In the human computer interaction domain, Goals,
Operators, Methods, Selection rules (GOMS) analysis was suggested as a task
analysis tool (Card, Moran, & Newell, 1983). These classifications are focused on
the features of tasks, but they are lack of human behavior aspects, which are
critical in understanding the effects of interruptions.
To distinguish the tasks by human behavior aspects, the Skill, Rule and
Knowledge (SRK)-based behavior classification is proposed. The scheme
systematically explains human cognitive behavior and provides a useful
framework for identifying the types of information processing levels and
associated human errors (Rasmussen, 1983). The SRK-based behavior
classification is based on the traditional top-down approaches and the types of
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information processing demands. It distinguishes categories of human behavior
by different states of the constraints in working environments (Rasmussen, 1983;
Reason, 1990). Also, different levels of performance correspond to increasing
levels of familiarity with the environment or the training of tasks. Brief definitions
of each level of human behavior and task examples are shown in Table 5.1.
Specifically, each level of the behaviors is described as follows. First, skill-based
level behaviors are automatic and fast, and most of human behaviors are
performed at this level. Since attention checks such as signals and signs are
triggering cues, skill-based behaviors refer to the routine and smooth execution
of highly integrated patterns of physical motor actions with little or no cognitive
resources in a familiar environment (Vicente, 1999). The behaviors can also be
performed by stored patterns of “pre-programmed” instructions (Reason, 1990).

Table 5.1 Definitions of SRK- based Behavior and Examples
Skill-based behavior

A set of automatic productions
Physical activities without cognitive efforts
e.g., copying prescription, taking phone calls

Rule-based behavior

Procedural knowledge with a list of rules
Selecting and applying the formulas
e.g. expanding abbreviations

Knowledge-based
behavior

Reasoning or thinking things through is
required
Solving the questions with inferring
e.g. mathematical calculation for prescription

Second, rule-based level behaviors represent the problem solving process, which
is based on learned rules or protocols in routine tasks, but requires the conscious
control of action with the critical choice of available rules. In this level, reasoning
is not required to perform the behavior, and sign is a major form of stimulus
information. Recognizing the perceptual cues from the environment triggers an
action.
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Third, knowledge-based level behaviors are resource-limited forms of information
processing and tend to happen in unfamiliar situations. At this level behaviors are
slow and serial, because they require conscious attention and an inferring
process to solve inexperienced problems (Vicente, 1999). Usually, information at
this level is delivered in terms of symbol, and no training was given or procedures
do not exist in performing the task.

Table 5.2 Characteristics of SRK- based Behavior
Level of
human
behavior

Type of
activity

Ratio of error to
opportunity

Ease of
detection

Skill-based

Routine

High absolute
number, small ratio

Easy, rapid

Small absolute
number, High ratio

Difficult,
need
external
interventions

Rule-based

Knowledgebased

Problem
solving

Process rule
Controlled by laws of
nature, not by rules
Situation related rules
for operation on the
task environment
Mapping between
abstraction levels;
heuristics for thought
experiments

According to SRK classification, two types of tasks, skill and cognitive tasks, are
used in this study. While skill-based behaviors are represented by motor skill
activities, rule and knowledge-based behaviors are mainly composed of cognitive
activities. Especially, the distinction between rule and knowledge-based
behaviors is more difficult because knowledge-based behaviors turn into rulebased behaviors by training or familiarity of task contents (Reason, 1990). Thus,
this study adopts skill tasks that contain the features of skill-based behaviors and
cognitive tasks that include those of rule and knowledge-based behaviors.
Another approach to classify human tasks or actions is suggested by Anderson
(Anderson, 1993). He developed ACT-R (Adaptive Control of Thought – Rational),
which is a cognitive architecture to understand human cognitive activities by
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combining irreducible cognitive and perceptual operations. Based on ACT-R,
human knowledge can be acquired by two types: declarative and procedural
knowledge (Anderson & Lebiere, 1998). Declarative knowledge, also descriptive
knowledge or propositional knowledge, is associated with what we recognize and
know, and is usually used in describing to others. Procedural knowledge is about
how we show our knowledge but we are not conscious of. Procedural knowledge
basically is applied to how to deploy and acquire declarative knowledge.
Commonly procedural knowledge corresponds to “know-how”. In this study,
cognitive tasks roughly consist of declarative knowledge and skill tasks are
mainly associated with procedural knowledge.
Similarly, human tasks can be classified by executive mechanisms and automatic
mechanisms. The executive mechanisms play a significant role in goal driven
activities and intention and prior knowledge are important internal factors. The
automatic mechanisms mainly work in stimulus driven activities and stimulus-toresponse association is a key factor (Sohn & Anderson, 2003).
5.2.3 Interruptions in Healthcare Processes
In healthcare working environment, interruptions appear one of the most wellknown hindrances of the system-related factors (Armutlu, Foley, Surette, Belzile,
& McCusker, 2008; Cohen, 2007). From Table 5.3, the interruptions occur 3.9
times per hour to 42 times per hour, and nurses are interrupted every 9 minutes.
A majority of interruptions occurs during direct patient care. 29% of all
interruptions in care processes occur in medication administration, and
documentation process is also frequently interrupted, amounting to 14% of
interruptions in nursing tasks (Hedberg & Larsson, 2004). The durations of
interruptions also vary. While a study showed that the mean time of interruption
duration in healthcare setting is around 82 sec, another indicated that an average
is 45 sec (Spencer et al., 2004; Tang et al., 2004).
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Interruptions are considered as main cause to the errors in medication
administration process. In 2003, AHRQ (2003) reported that the frequency of
interruptions and distractions is highly related with the number of medical errors.
As it is impossible to completely eliminate interruptions, practical approach to
reduce the damaging effect is by decreasing their frequency. Understanding on
secondary task characteristics that cause interruptions is especially needed.
Another is to investigate how nurses control them in their work processes.
Theoretically, as different options, nurses can perform the interrupting task
immediately, negotiate timing to start it, or moderate through other functions or
agents (McFarlane & Latorella, 2002). A preventive communication or
information supply is another solution to minimize negative effects from
interruptions.
Table 5.3 Interruption Frequency in Healthcare Literature
Care practitioner

Interruption
frequency

Physicians (Emergency)

9.7 ~ 10.3/h

Physicians
(Primary care)

3.9/h

Nurses

11.65/h

Physicians

10.58/h

Nurses

11.2/h

Physicians

11.1/h

Woloshynowych et al.
(2007)

Nurses

42/h

Bunn et al. (2005)

Physicians

3.48/h

Ebright et al. (2003)

Nurses

6.3/h

Reference
Chisholm et al.( 2001)

Brixey et al.(2008)
Coiera& Tombs(1998)

There are two issues to understand the characteristics of interruptions in care
processes. First, the measuring criteria of work interruptions and definitions of
interruption are not clearly defined. The definition of interruptions is not clearly
rendered, and the terms “interruptions” and “distractions” are interchangeably
used. Generally, interruptions mean “a halt of the activity being performed for
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monitoring purposes or to carry out a secondary task” (Hopp, Smith, Clegg, &
Heggestad, 2005). Distractions can be ignored or simultaneously reacted to the
signals with the primary task, because the signals are delivered by a different
sensory channel from those using in the primary task (Speier, Vessey, &
Valacich, 2003). Distractions usually occur before interruptions happen, and they
can be ignored or simultaneously reacted to the signals with the primary task,
because they use different sensory channels in signal inputs (McFarlane &
Latorella, 2002). Obviously, the harmful effect of interruptions would seem to be
more extensive than distractions.
Second is the interruption source. Two broad sources are suggested: personrelated such as care practitioners, patients, and their family members and objectrelated such as missing equipment or alarms.. Spencer et al. (2004) reported that
a greater number of interruptions is caused by care practitioners themselves and
other clinical staff, although many interruptions are initiated by objective sources.
5.2.4 Independent Variables
5.2.4.1 Types of Tasks
This study utilized mental arithmetic problems and word processing tasks as the
different types of task. The cognitive process and motor skill process in task
processing are the main criteria for selection and tasks should be easy to
measure their task completion time and errors as well; in addition, tasks needed
to be suitable for embedding in computer applications. Considering these criteria,
we decided word problems in seventh grade mathematics as cognitive tasks and
simple word processing as skill tasks.
Such task completion time and the number of errors are frequently used to
measure task performance in cognitive research domain. Two-way performance
measures, what responses subjects choose and how long it takes them to
complete these responses, have been widely used in cognitive psychology
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domain (Anderson & Lebiere, 1998). Anderson (1998) provided comprehensive
and precise models of cognitive performance in psychological experimental
designs. Generally the former measure is demonstrated by percentage of correct
or percentage of errors based on the number of categories subjects can choose.
He also mentioned that task completion time could illustrate the latency of
response, which is a critical measure in cognitive research. Since a single
cognitive task can deduce to several elements of cognitive activities, the latency
is measured as time to complete a task. Sometimes, latency measures are
achieved by intermediate responses such as eye movement tracking or key
press time (Karat, McDonald, & Anderson, 1986).
Psychology and psychophysiology studies used mental arithmetic problems and
word processing tasks to measure reaction time and human performance (Barrett
& Krueger, 1994; John & Newell, 1989; Keele, 1968; McCann, Remington, & Van
Selst, 2000). A word processing task is a major form of human to computer
communication and is a basic task involving perceptual-motor processing.
Compared with a cognitive task such as stimulus-response (S-R) compatibility, a
word processing task requires longer duration and a flow of behavior. While
cognitive tasks should be performed in a sequential way: perceive the stimulus,
do cognitive process, and execute the response, a word processing task is
parallel in nature: look ahead at what is coming while executing the motor
response for the current letters (John & Newell, 1989). Also, it is an essential and
very common work for their academic activities in current college education
environments. The number of words in the word processing task in this study
was decided by the average typing speed of clerical workers, which, in the
experiment, ranged between 42 and 48 words per minute (Ostrach, 1997).
Specifically, the mental arithmetic problems were employed in many studies to
measure cognitive demands, but the tasks need to be designed carefully
(Campbell & Clark, 1992; McCloskey, Caramazza, & Basili, 1985). Stein and
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Smith (1998) suggested low level and high level of cognitive demands with
mathematic question solving tasks. Low-level demand tasks include
memorization and procedures without connections, and high- level tasks are
comprised of procedures with connection and doing mathematics. In this study,
they were used to evaluate different magnitudes of interruption effects from word
processing tasks. Kreifeldt and McCarthy (1981) showed that writing down
simple multiplication tables was negatively affected on the ability to return to the
main task. Thus, mathematic questions are enough to test mental demands and
prove disruptive effects from interruptions.
Table 5.4 Sample Questions for Cognitive and Skill Tasks
Cognitive task: Mental arithmetic questions*
Your school cafeteria makes its delicious tuna salad by adding 2 pounds of
mayonnaise to every 3 pounds of canned tuna. Canned tuna costs $1.50 per
pound and mayonnaise costs $0.75 per pound. How many pounds of tuna salad
can the cooks prepare for $100?
a. 88 1/3
b. 33 1/3
c. 55
d. 30
Joe found a battery-powered drill for 25% off the original price. At the checkout
counter the clerk enters the sale price, adds 5% sales tax, and then tells Joe he
owes $189. What was the original price of the drill?
a. $158.78
b. $198.45
c. $240
d. $226.80
Skill task: Word processing task **
Type the following sentences in given space.
Another approach to definitions of the quality of healthcare is directly connected
with patient safety, which can evidently be confirmed by reviewing some definitions
of patient safety. One study described healthcare quality as the eligibility of the
recommended medical treatments and Berwick expounded.
Type the following sentences in given space.
Additionally, the performance measuring of healthcare providers can be divided
into two dimensions. Technical performance that based on knowledge and
judgment to diagnosis and care delivery and interpersonal performance between
care providers and patients. Thus, measuring the performance and quality of
healthcare requires additional effort.

Explicit criteria for mental arithmetic problems are established to minimize the
variance. To maintain uniform difficulty of questions and minimize the effects
from different math competency by each participant is the main obstacle of
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mental arithmetic problems in a between-subject laboratory experiment. To do so,
the following three criteria were applied; first, only word problems with similar
question lengths were used. Reading the questions averages out different math
skill competency in terms of task completion time and adds some amount of
mental demands, such as understanding the questions and finding the
appropriate rules for solving to all participants. Second, only questions requiring
simple mathematic operations were selected from a seventh grade-level math
test book (Linderman, 1999). Third, calculators or computers were not allowed in
the experiment to encourage cognitive efforts in task process. Table 5.4 shows
some sample questions for cognitive and skill tasks.

5.2.4.2 Interruption Frequency
Interruption frequency is another factor that influence task performance and is
defined as the number of tasks interrupting primary task performance. In the
experiment, interruption frequency was set to zero, one, or three. In the pilot
experiment, more than three interruptions per task was also tested, but too many
interruptions in a task resulted in a severe decrease in task performance due to
frustration and lack of motivation, not due to the effects of interruptions.
Generally, many studies maintained that a high number of interruptions
generates more detrimental effects on task performance (Bailey, Konstan &
Carlis, 2000; Czerwinski, Cutrell & Horvitz, 2000); however, the effects of
different interruption frequencies in cognitive tasks need not be the same as
those in skill tasks. In fact, an increased number of interruptions in cognitive
tasks more severely exhausts mental resources and produces more adverse
effects on task performance (Wickens & McCarley, 2007).

5.2.4.3 Other Independent Variables
Individual variance in participants could have been considered another
independent variable in cognitive tasks. However, since the participants were
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limited to college students who were enrolled in junior- or senior-level industrial
engineering courses, we can assume that experience and skill proficiency are not
very dissimilar. Further, because word processing tasks require simple
mechanical motor skill and are very familiar to college students, we could
assume that participants have similar capability to perform skill tasks.
The other possible independent variable is the timing of interruptions. The effects
of interruptions could vary significantly based on when interrupting tasks occur (Li
et al., 2006). In this experiment, the timing of interruptions was set to 15 seconds
after the primary tasks began. Pilot tests for setting interruption timing suggested
that 15 seconds indicated most participants were engaged in reading the
problem sentences in cognitive tasks. Therefore, this study fixed the timing of
interruption to minimize unnecessary variation in the results.
5.2.5 Dependent Variables
To identify detrimental effects of interruptions, task completion time and task
performance are measured. Task performance is measured by the number of
right answer for cognitive tasks and the number of typos for skill tasks. While
task completion time is a quantitative measure, the wrong answer rate and the
number of typos are qualitative measures.

5.2.5.1 Task Completion Time
Task completion time was measured in seconds by total time to complete a
primary task minus time taken by interrupting tasks. Compared to the task
completion time of the non-interruption task, the task completion time of the task
with interruption increased by two transition time intervals: interruption lag and
resumption lag (Altmann & Trafton, 2004). The former is the wrap-up time for the
primary task before engaging in the interruption task and is called “switching time”
to interrupting tasks (Wickens & McCarley, 2007). The latter provides the
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magnitude of the disruptive effect from interruptions and is called “return time” to
primary tasks. These two types of transition times are described in Figure 5.1.
As shown in the Figure 5.1, interruption lag and resumption lag are carryover
effects from primary tasks and interrupting tasks, and they depend on the type of
task and the amount of mental resources needed to perform the task. The
elongated time due to the two lags not only increases total task completion time
but also decays the memory capacity for retaining information relevant to the
interrupted task.

Figure 5.1 Carry-over Effects inTask Interruption

5.2.5.2 Task Performance
Based on different types of the tasks, the performance had to be measured
differently; thus, the number of right answers for mental arithmetic problems
(cognitive tasks) and the number of typos for word processing tasks (skill tasks)
were the two main measurements for task performance. To minimize the chance
of getting right answers accidently, the choice of “I don’t know” was also given to
participants. Typos in word processing tasks included not only spelling errors but
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also capitalization and punctuation errors. Compared to none-interruption cases,
it was assumed that increased cognitive workload due to interruption would lead
to more wrong answers in mental arithmetic questions and to more typos in word
processing tasks.
5.3

Method

5.3.1 Research Framework
Controlled laboratory experiments were conducted to investigate the effects of
interruptions on task performance by different types of task. In this study, the
effects of interruption were measured in task completion time and the frequency
of errors committed by participants. The participants performed a series of tasks,
which consists of predetermined order of two task types: cognitive tasks and skill
tasks. Mental arithmetic problems in seventh grade mathematics were selected
as cognitive process tasks and simple word processing tasks were chosen as
motor skill tasks. The frequency of interruptions was also considered as another
variable for investigating interruption effects. Figure 5.2 explains the experiment
framework for this study.
5.3.2 Participants
Thirty-nine participants participated in the study. All participants were college
students who were taking a junior- or senior-level Industrial Engineering courses.
The average age of participants was 22, and most were in their junior year (40%)
or their senior year (56%). Thirteen were females, and 26 were males. All
participants were familiar with typing sentences using a keyboard and computer
and had no problem solving basic mathematic questions. All participants
received a maximum credit of 5% toward their final course grade.

78
5.3.3 Experiment Design
A 4 x 3 full factorial design of the experiment with four sets of task combination,
which is described in figure 5.2, and three levels of interruption frequency (None,
Once per Task, Three per Task) were used to investigate the interruption effects.
Different task sets were applied to between-subjects design while within-subject
design was used in different interruption frequencies.
The experimental procedures and independent and dependent variables’
operational levels had been tested and validated in pilot studies. Interruption
frequency was also limited to three times per task because task performance had
not change significantly at more than three times per task and participants
showed unintended annoyance, which can possibly affects the task performance.

Figure 5.2 Experiment Framework
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5.3.4 Procedure
Each participant was asked to fill out a demographic questionnaire and consent
form before the experiment, and a ten-minute training session with several
sample tasks was provided.
The participants then performed three different task sets with combinations of
skill and cognitive tasks. Each participant experienced all three interruption
frequencies (none, once and three times) randomly. A none-interruption scenario
consisted of pairs of cognitive and skill tasks, and the results were used as
performance reference for once- and three times-interruption scenarios. Onceand three times-interruption scenarios were assigned in a predetermined order.
The order of task sets was fully counterbalanced.
When the experiment started, a primary task was placed on the computer screen.
Then, interruption tasks were given, popping-up on a new screen. The timing of
interruptions was set to 15 seconds after primary tasks began. Once the
participant answered the interruption question, he/she clicked an “OK” button and
automatically returned to the interrupted primary task. The experiment included
three scenarios per participant, and each scenario continued for 10 minutes.
5.4

Results

5.4.1 Interruption Effects on Quantitative Task Performance: Task Completion
Time
To evaluate the quantitative performance of the two different task types on the
same basis, Completion Time Ratio (CTR) was introduced. It is the standardized
task completion time and is defined as the ratio between task completion time
with interruptions and without interruptions. The formula for CTR is shown as
follows.
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Table 5.5 shows the descriptive statistics of CTR by different task sets and
interruption frequencies. The CTR was calculated for each participant. If the CTR
value was 110, it meant that 10% more time was required to finish a task with an
interruption. These standardized values made possible the direct comparison
between cognitive and skill task performances.
A two-way ANOVA with repeated measures showed a significant effect of task
sets on CTR (F(3, 327) = 69.28 , p < 0.001). It also showed a significant effect of
interruption frequency on CTR (F(1, 327) = 12.49/S, p < 0.001). No interaction
effect was observed.

Table 5.5 Descriptive Statistics of Quantitative Task Performance
Completion Time Ratio (CTR) *
(Primary /Interrupting task)
Cognitive/Cognitive Task Set
One interruption per task
Three interruptions per task
Cognitive/Skill Task Set
One interruption per task
Three interruptions per task
Skill/Cognitive Task Set
One interruption per task
Three interruptions per task
Skill/Skill Task Set
One interruption per task
Three interruptions per task

Mean

Median

Standard
Deviation

166.34
193.30

169
194

12.35
8.79

156.43
172.00

156
173

12.16
11.95

110.43
115.43

111
115

8.58
7.75

136.27
141.61

138
141

8.78
7.95

Tukey’s post-hoc test 95% family-wise confidence level showed that the CTR of
Cognitive/Cognitive task sets (mean = 177.73, SD = 17.29) was significantly
higher than those of any other task sets. Cognitive/Skill task sets had the next
highest CTR (mean = 162.85, SD = 14.26). Regarding interruption frequency
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effect, Three-time interruptions per task (mean = 148.12, SD = 33.63) negatively
impacted more than One-time interruptions (mean = 140.16, SD = 27.16).
5.4.2 Interruption Effects on Qualitative Task Performance: Wrong Answer Rate
and Typo Rate
To compare two different task types, we have to use the ratio of two
measurements: wrong answer rate ratio (WARR) and the typo rate ratio (TRR),
which are the standardized values for two measurements. Obviously, WARR is
applied to cognitive primary tasks: Cognitive/Cognitive task sets and
Cognitive/Skill task sets, and TRR is used on skill primary tasks: Skill/Cognitive
task sets and Skill/Skill sets. WARR and TRR can be defined by following
formulas.

Table 5.6 shows descriptive statistics for each participant’s WARR and TRR. A
two-way ANOVA with repeated measures showed a significant effect of task sets
on WARR and TRR (F[3, 79] = 25.44, p < 0.001). It also showed a significant
effect of interruption frequency on WARR and TRR (F[1, 79] = 17.85, p < 0.001).
No interaction effect was observed.
Tukey’s post-hoc test 95% family-wise confidence level showed the results of
task performance analysis. The results showed that the TRR of Skill/Skill task
sets (mean = 179.20, SD = 17.18) was significantly higher than that of
Skill/Cognitive task sets (mean = 159.26, SD = 15.51), and the WARR of
Cognitive/Cognitive task sets (mean = 138.32, SD = 7.36) was not significantly
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higher than that of Cognitive/Skill task sets (mean = 134.50, SD = 9.97). In
addition, Three-time interruptions per task (mean = 157.12, SD = 23.63) more
negatively impacted than One-time interruptions (mean = 138.79, SD = 17.16).

Table 5.6 Descriptive Statistics of Qualitative Task Performance
Wrong Answer Rate Ratio (TPR),
Typo Rate Ratio (TRR)
(Primary /Interrupting task)
Cognitive/Cognitive Task Set
One interruption per task
Three interruptions per task
Cognitive/Skill Task Set
One interruption per task
Three interruptions per task
Skill/Cognitive Task Set
One interruption per task
Three interruptions per task
Skill/Skill Task Set
One interruption per task
Three interruptions per task

5.5

Mean

Median

Standard
Deviation

133.10
144.11

131.5
143

5.86
3.37

126.30
142.70

127
143

5.79
5.17

145.9
174.11

148
174

6.90
4.01

163.80
194.60

162.5
195

7.45
6.36

Discussion

5.5.1 Interruption Effects on Quantitative Performance
Interruptions were more detrimental to cognitive tasks than skill tasks in task
completion time. Figure 5.3 shows that CTR’s of Cognitive/Cognitive and
Cognitive/Skill task sets were higher than those of Skill/Cognitive and Skill/Skill
task sets (F[1, 333] = 80.36, p < 0.001). It means that the interruption lags and
resumption lags in cognitive tasks are longer than those of skill tasks. Comparing
task completion times of four different task sets, as also shown in Figure 5.3,
Cognitive/Cognitive task sets were most influenced from interruptions and
Skill/Cognitive task sets are most resilient (F[3, 331] = 77.88, p < 0.001). Since
cognitive tasks require more mental resources for task completion, more
switching time to interrupting tasks and returning time to interrupted tasks was
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required. The long switching time and returning time made it difficult to retrieve
the cues for the interrupted goal and delayed the transition to the new task
(Altmann & Trafton, 2002).
Longer completion time in cognitive primary tasks (Cognitive/Cognitive and
Cognitive/Skill) can be supported by the single channel theory. The single
channel theory is based on the paradigm of the psychological refractory period
(PRP), well explains the long switching and returning time given two
simultaneous inputs on a single sensory or mental resource (Ferreira & Pashler,
2002). The theory also asserts that the prolonged reaction time or waiting time
for second stimuli that are examples of PRP originates in the waiting time for first
stimuli processing (Ferreira & Pashler, 2002; Wickens & McCarley, 2007). In this
study, there were two PRPs situated in the experiment: before and after the
interrupting task. To switch to the interrupting task, PRP was required, and, to
return to the interrupted primary task, another PRP was needed. These PRPs
were much longer in cognitive tasks than in skill tasks because more information
stimuli had to be processed. This could explain why task completion time in
Cognitive/Cognitive task sets was longer than in other task sets.
The effects of interruptions on skill primary tasks (Skill/Cognitive and Skill/Skill)
showed different results. Interestingly, according to the data, the typing speeds in
Skill/Skill task sets were lower than those in Skill/Cognitive task sets. The
feasible cause could be task similarity. Some research has already confirmed
that similar tasks generate more inadvertent effects on task performance than
dissimilar tasks (Eyrolle & Cellier, 2000; Gillie & Broadbent, 1989). This also
could explain the high interruption effects on the Cognitive/Cognitive task sets.
Accordingly, the main factors of interruption effects on task completion time were
memory load and task similarity. Cognitive tasks such as mental arithmetic
problems require more memory load to complete than simple skill tasks that rely
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on sensory information for finishing. According to task completion time data, the
role of memory load was more critical than task similarity in performance
degradation, and cognitive tasks was more vulnerable to interruptions. In the
skill task environment, task similarity was a more important factor in task
performance.

Figure 5.3 Quantitative Task Performances by Different Task Sets
5.5.2 Interruption Effects on Qualitative Performance
Interruption effects on task performance showed different results than on task
completion time. In the skill task environment, Skill/Skill task sets showed a
higher TRR than Skill/Cognitive task sets (F[1,42] = 41.18, p < 0.001), but the
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WARR in Cognitive/Cognitive task sets and in Cognitive/Skill task sets was not
statistically different (F[1, 42] = 3.56, p = 0.0661). Figure 5.4 shows the WARR
for Cognitive/Cognitive task sets and Cognitive/Skill task sets as well as the TRR
for Skill/Cognitive task sets and Skill/Skill task sets.
Similar to the task completion time results, task similarity was regarded as a main
cause for the high interruption effects on Skill/Skill task sets. In the skill task
environment, even though tasks did not require a high level of mental resources
or effort, interruptions brought disconnections and disruptions to well-trained
consistent motor behaviors, and it made it very difficult to retrieve cues to
activate the interrupted goal (Altmann & Trafton, 2002; Wickens & McCarley,
2007); moreover, as mentioned earlier, the same type of primary/interruption task
environment brings more confusion and deteriorates the connection between cue
and goal (Altmann & Trafton, 2002). We suggest that this is the principal factor in
the high typo rates for Skill/Skill task sets, which are consist of word processing
tasks in both primary and interrupting tasks.
Surprisingly, interruptions do not affect the task performance in cognitive task
sets much. The number of wrong answers due to the interruptions was not
increased in mental arithmetic tasks much. As shown in figure 5.4, TRRs,
qualitative measures for skill tasks, were much higher than WARRs, qualitative
measures for cognitive tasks (F[1,85] = 75.44, p < 0.001), but variations in TRRs
for different task sets were not significant (F[1,42] = 3.31, p=0.076).
According to our experiment results, interruptions negatively affected the
performance on cognitive tasks, but slight changes in mental disruption could not
be measured by qualitative performance, such as a wrong answer rates for the
mental arithmetic questions. Many previous studies asserted that task
interruptions lead to errors, mistakes, or work failures (Boehm-Davis &
Remington, 2009; Burmistrov & Leonova, 1997); however, “Swiss Cheese Model”

86
(Reason, 2000) describes work failure causation as a series of events that must
take place in a specific order and manner for a failure to happen. Therefore, we
suggest that interruptions in the mental arithmetic questions increased the
cognitive workload and required more mental resources, but the level of workload
and mental resources was not enough to induce the errors or mistakes in the
mental arithmetic questions.

Figure 5.4 Qualitative Task Performances by Different Task Sets
5.5.3 . Interruption Frequency Effects on Task Performance
As shown in Figure 5.5, there were notable differences in qualitative task
performance between the low- and high-interruption frequency conditions (F[1,
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333] = 8.77, p < 0.001). Interestingly, the participants in the high-frequency
interruption condition had significantly higher typo rates and longer task
completion times than the participants in the low-frequency conditions. These
results clearly resonate with precedent research on detrimental interruption
effects; in that research, participants experiencing high frequency interruptions
paid much less attention to the task and performed worse on the task than those
experiencing low-frequency interruptions (Speier et al., 2003).

Figure 5.5 Comparison of Task performance by Interruption Frequency
However, differences in skill task performance were not statistically significant at
different interruption frequencies (F[1,187] = 3.78, p = 0.0534). In the case of skill
task performance at different interruption frequencies, task similarity did not
affect the performance. As mentioned earlier, skill tasks do not depend much on
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mental resources, and relatively low workloads are required: therefore, the
transition to interrupting tasks and the transition from interrupting tasks were very
efficient in the skill task environment in the present study.
The single channel theory also explains the resilience of skill task performance at
different frequency of interruptions. Reynolds (1966) found that the PRP is
lengthened if tasks involved a more complex choice rather than a simple
response. The word processing tasks used in the present experiment could be
considered simple response tasks. The participants in the experiment, junior- or
senior-level college students, performed the tasks with much fewer cognitive
demands and automatically responded as tasks initiated; thus, the PRP in the
word processing tasks was very short, and task switching between primary and
interrupting tasks was efficiently executed.
5.5.4 Combined Results from Task Types and Interruption Frequency
Figure 5.6 shows the combined results of interruption effects on task
performance by different types of task and different frequency. It indicates that
interruptions elongate task completion time in cognitive tasks and produce more
errors in skill tasks. Comparing to those of cognitive primary task sets such as
Cognitive/Cognitive task sets and Cognitive/Skill task sets, task performances of
skill primary task sets are scattered, which means skill primary task sets are
more sensitive to interruption effects. Also, task similarity is more important than
task types or memory load because both Cognitive/Cognitive task sets and
Skill/Skill task sets demonstrated lowest task performances.
Generally, human complete tasks faster in repeating the same tasks than
switching different tasks, and it is called the task switch cost or the task repetition
benefit (Spector & Biederman, 1976). The task switch cost is affected not only by
human oriented aspects such as prior knowledge on the tasks but also by task
oriented aspects such as task repetition. To minimize the switching cost, task
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expectancy and sufficient response-to-stimulus interval are required (Meiran,
1996). However, two factors work independently. So, simply increasing
response-to-stimulus interval can reduce the switching cost without increasing
task expectancy (Sohn & Anderson, 2001).

Figure 5.6 Overall Comparison of Task Performance by Task Sets and
Interruption Frequency
5.6

Limitations

Potential concerns about this study are the increased control given by a
laboratory experiment and the representativeness of the participant. Taking the
study’s constraints into consideration, the value of the findings from any study
must be evaluated. In this study, the controlled experiment was inevitable to
achieve the goal of study objective and must be balanced against the
fundamental limitations of generalizability. Additionally, the participant recruiting
strategy used in this study was intended, in that participants were specifically
targeted for uniform competency and familiarity of experiment tasks. While the
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wide range of the task proficiency and the lack of motivation of student
participants can be other concerns, we mitigated them by ensuring that the tasks
were designed with a sufficiently similar level of mental demand and by providing
performance incentives.
Moreover, we acknowledge that the nature of the tasks used in this study may
not be comprehensive for cognitive demand requiring and physical motor skill
tasks. However, they were chosen to clarify the distinction between cognitive
process and motor process and their performance can be easily and reliably
measured (Meister, 1985). Furthermore, we are unable to provide the optimal
timing and frequency of interruption per task. Even though we fully considered
the timing of interruption to be in the middle of the task, this timing can be varied
by each participant’s task proficiency and skill. However, the data showed that
any task was not finished in fifteen seconds, which is the first onset timing of
interruption. So, we can reasonably assume that interruption occurred at
appropriate timing to measure the effect on task performance.
Finally, the interruptions employed in this study were lack of social interactions in
task environments and thus the results of the study should be considered before
applying into other work domains.
5.7

Conclusion

The study examined the effects of interruptions by different task types, and
interruption frequency, and quantitative results showed that interruptions had
greater effects on cognitive primary task performances than on skill primary task
performances. Task similarity also played a notable role in more negative
interruption effects in Cognitive/Cognitive task sets and Skill/Skill task sets than
in Cognitive/Skill task sets and Skill/Cognitive task sets.

91
In qualitative performance measurements, interruptions brought more errors to
skill tasks than to cognitive tasks. Skill task performance easily deteriorated with
divided attention from an interruption, but cognitive task performance was quite
resilient to such temporal attention deprivation. Instead, some level of cumulated,
increased cognitive workload could be considered the main cause for errors or
mistakes in cognitive tasks. In addition, task similarity clearly indicated higher
typo rates in Skill/Skill task sets than in Skill/Cognitive task sets.
The effects of interruption frequency suggested that a higher frequency of
interruption brings more unfavorable effects to both qualitative and quantitative
performance; however, qualitative performance in cognitive tasks did not result in
significant difference.
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CHAPTER 6. STUDY 3: WHAT ARE THE CAUSES OF NON-COMPLIANCE
BEHAVIORS IN BAR CODE MEDICATION ADMINISTRATION SYSTEM
PROCESS?

6.1

Introduction

Medical errors and adverse drug events, which are two largest sources of
healthcare accidents, contribute to approximately 44,000 to 98,000 deaths per
year (Kohn et al., 2000). The Institute of Medicine (IOM) reported that at least 1.5
million people were injured by errors that occurred during prescription,
dispensation, and consumption of medicines; such accidents cost $37.6 billion
per year, but $17 billion per year could be prevented (IOM, 1999). In order to
prevent errors in medication administration, bar code medication administration
(BCMA) system has been widely adopted. Using the BCMA system, a nurse can
scan one barcode on a patient’s wristband and another on a medicine package
to ensure that the dispensation matches the patient’s prescription.
However, previous studies reported that the BCMA system becomes useless in
the cases where users do not follow the predefined procedure of the BCMA
system (Bargren & Lu, 2009; Koppel et al., 2008; Patterson, Cook, & Render,
2002). For example, nurses sometimes skip scanning a patient’s barcode
because they think they are familiar enough with their patients (Patterson et al.,
2006). Nurses sometimes do not verify or update medication orders displayed in
the BCMA system (Bargren & Lu, 2009). Such non-compliance behaviors are
harmful because they disrupt workflows (Kobayashi et al., 2005), confuse
communication (Koppel et al., 2008), potentially increase the risk of errors
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(Vogelsmeier et al., 2008), negate the safety features provided by the system,
and create additional unexpected problems (Ferneley & Sobreperez, 2006). Noncompliance behaviors in the BCMA process have a long lasting conundrum:
users often do not comply with the seemingly simple process (e.g., scanning
barcodes). Thus, previous studies attempted to identify the causes of noncompliance behaviors. However, the scope and analysis of non-compliance
behaviors in previous research studies tended to be narrow and specific processoriented, so they failed to provide comprehensive and generalizable results;
identified causes seem to be for temporary and local issues (Bargren & Lu, 2009;
Koppel et al., 2008; Patterson et al., 2006). In other words, there is no clear
understanding on what causes the non-compliance behaviors and how they can
be resolved (Agrawal & Glasser, 2009; Miller, Fortier, & Garrison, 2011; Yang,
Ng, Kankanhalli, & Yip, 2012).
This study addresses the second research question proposed in Section 3.2.2.2:
What are the causes of non-compliance behaviors in a BCMA system
environment? Thus, the intent of this paper is to understand non-compliance
behaviors in the BCMA system by surveying previous research studies. This
study did not use an observation approach with a specific group of users,
specifically, nurses, because such observations cannot comprehensively collect
causes of non-compliance behaviors. Instead, the research team decided to
comprehensively review existing literature reporting the underlying causes of
non-compliance behaviors in the BCMA processes between 2000 and 2012.
After analyzing and classifying the collected causes, the research team found
some interesting patterns among them. The patterns not only shed a light on the
complexity of this issue but also suggest future direction of research.
Hypothesis 5: Nursing tasks in HIS environments seems to be simple but
their repeating and complex patterns of connections between them exist,
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and analysis of them provides the understanding why non-compliance
behaviors occur.

6.2

Background

Many studies have investigated non-compliance behaviors in the BCMA process
and other forms of medication administration process. They identified diverse
cases of non-compliance behaviors and their causes. Most of the studies simply
listed cases and causes of non-compliance behaviors, but only a few attempted
to classify them to find meaningful patterns in the list. However, even the studies
that reported classification failed to provide comprehensive categories.
On the one side, some studies provided abstract categories on the cases of noncompliance behaviors. For example, Carayon et al. (2007) observed nurses’ use
of the BCMA technology and categorized flexible task sequences by five
components of the work system model: tasks, technology, work environment,
organization factors, and personal factors related to patient and nurses. Since
the categories simply indicate several factors that influence non-compliance
behaviors, such factors often fall short to identify underlying issues and repeating
patterns. In another example, Voglesmeier et al. (2008) suggested two
categories of non-compliance behaviors; blocks introduced by technology and
organizational processes, respectively. Due to rough categorization, this
classification cannot distinguish the specific aspects of non-compliance
behaviors. For example, the categories are hard to distinguish non-compliance
behaviors originated from system software or hardware issues and those
stemmed from users’ dissatisfaction on the system or work environmental issues
such as emergency or poor system layout.
On the other side, some categories of non-compliance behaviors are specific and
process oriented. Koppel et al. (2008) classifies non-compliance behaviors by
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three categories; omission of process, out of sequence process, and
unauthorized process. These categories are developed around the task
sequences, but they do not present other important factors like environment that
can affect non-compliance behaviors. Schoville et al. (2009) also organized
nurses’ non-compliance behaviors in five categories: patient safety, system
issues, learnability of system function, workflow timing, and miscommunication.
However, the categories do not seem to be mutually exclusive or to provide
comprehensive factors. Table 6.1 shows the summary of studies on the cases of
non-compliance behaviors.
Some studies classified the causes of non-compliance behaviors by abstract
categories. Koppel et al. (2009) proposed technology, task, organizational,
patient related issues, and environmental factors as main categories of causes.
Halbesleben et al. (2008) also indicated policies / laws / regulations, protocols,
process / design / flow, technology and people as the categories of the causes of
non-compliance behaviors. Though such high-level categories provide a holistic
view of causes, it is difficult to apply the categorization results to reduce noncompliance behaviors.
In contrast, some other studies categorized causes based on a small set of
specific categories of non-compliance behaviors. Carayon et al. (2007), using
processing the mapping approach, analyzed medication administration task
sequences to classify influencing factors on nurses’ use of and interaction with
the BCMA system into three phases: technology design, technology
implementation, and technology use. However, this classification mostly focused
on system adoption and adaptation issues and is not enough to describe
comprehensive causes of barriers. Halbesleben et al. (2010) also grouped 12
barriers of nurses’ tasks in intensive care units by the perspectives of information
processing stages. They suggested information entry, information exchange, and
internal supply chain as main causes for non-compliance behaviors. However,
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the categories are mostly based on the scope of patient information and
medication flow.
Despite the high volume of studies on non-compliance behavior cases and their
causes, the research team failed to find an answer to the following question:
What are the causes of non-compliance behaviors? Different studies suggested
some potential causes of non-compliance behaviors, but they tend to be too
much specific or not comprehensive. In order to answer this question and to
construct a comprehensive cause of non-compliance behaviors, the research
team decided to conduct a systematic review of previous studies. The research
team believes that answering this question will provide some hints to resolve this
long-lasting conundrum of minimizing non-compliance behaviors.
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Table 6 1 Non-compliance Behavior Classification in Healthcare System Environment:
Paper
Setting
Abstract categorization

Carayon et
al., 2007

BCMA system in
academic medical
center

Vogelsmeier
et al., 2008

Electronic medication
administration record
system in nursing
home

Lawler et al.,
2011

General healthcare
information
technology

Method

Result

5 categories (from
Balance theory of job
design) based on 18
Structured observation different task
sequences and very
of medical
administration process large variability in the
order steps of
medication
administration process
Direct observations,
process mapping,
No quantitative results
interviews, and review
or cases are reported.
of medication field
notes
Reviewing prior
studies

No quantitative results
or cases are reported.

Category
Task (e.g., care sequence, medication
administration)
Organizational factors
Technology (e.g., unexpected
automation, alarms)
Physical environment
Individual (e.g., patient, care
practitioners)
Blocks introduced by technology
Organizational processes that had not
been reengineered to integrate
effectively
Specific solutions to poor workflow and
socio-technical structure
Product of resolving competing
demands
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Table 6.1 Continued
Specific categorization

Koppel et al.,
2009

Schoville,
2009

Miller et al.,
2011

BCMA system in two
hospitals

Institutional CPOE
system

BCMA system in
adult
medical/surgical units

Structured
observations,
unstructured and semi
structured interviews,
participating staff
meetings, FMEA of
the medication use
process and BCMA
use processes and
reviewing BCMA
override log data
Observations on
nurses daily work,
emails to key leaders
and participants,
follow-up interviews
and reviewing the
internal CPOE web
site
Reviewing override
reports and alert
messages

3 categories from 15
types of workarounds

Omission of process steps
Out of task sequence
Unauthorized BCMA processes

5 categories based on
40 workarounds and 18
artifacts

Workflow timing of events
Communication changes
System problems
Learning curve of system use
Patient safety

3 categories based on
7 types of workarounds
from 121 cases

Omitted step
Unauthorized step
Incorrect sequence

98

99

Table 6.1 Continued

Patterson et
al., 2002

Yang et al.,
2012

BCMA
implementation
process in 3
hospitals

Electronic medication
administration
system, which is
combined functions
of BCMA, CPOE and
EMAR

Observation on
nurses' BCMA use,
CPOE and order
verification process by
pharmacists

Qualitative case study
based on interviews
with the users of
EMAS

5 negative side effects
from 12 types based on
67 BCMA interactions

Nurses confused by automated removal
of medications by BCMA
Degraded coordination between nurses
and physicians
Nurses dropping activities to reduce
workload during busy periods
Increased prioritization of monitored
activities during goal conflicts
Decreased ability to deviate from routine
sequences

15 categories of
workarounds
performed by
physicians and nurses

Physician used paper IMR to order
instead of EMAS.
Physician used COW outside cubicle
instead of bedside.
Physician did not fill up columns fully
during ordering.
Physician edited dosage forms
suggested by the system.
Physicians shared log in account.
Physicians requested to reorder
medication by nurses.
Nurse used COW instead of PDA.
Nurse used PDA to scan clinical board
instead of wrist tag.

99

100

Table 6.1 Continued
Nurse picked next time slot to serve
because current used.
Nurse served medication outside of
expected timing.
Nurse cleared omission for PRN
medicine in batches.
Nurse clicked medicine to be
administered on COW before
serving.
Nurse did not serve medication
according to order in EMAS.
Nurse co-signed for another nurse
during serving.
Nurse served medication before it was
ordered.

100

101

Table 6.2 Non-compliance Causes Classification in Healthcare System Environment
Paper
Setting
Abstract categorization

Koppel et al.,
2009

Halbesleben
et al., 2008

Bargren& Lu,
2009

BCMA system in 2
hospitals

General
healthcare

BCMA system in
acute care hospital

Method
Structured observations,
unstructured and semi
structured interviews,
participating staff meetings,
FMEA of the medication use
process and BCMA use
processes and reviewing
BCMA override log data

Literature review (not
systematic)

Direct staff observation,
process mapping, and
informal group discussions

Result

Category

Identified 31 types of
probable causes of
workarounds

Technology
Task
Organizational
Patient related
Environmental

5 categories of workaround
causes

Policies/laws/regulations
Protocols
Process/design/flow
Technology
People

3 categories from 13 gap’s
source and consequences
within the step of the
medication process

Technical gap (e.g., computer
capacity, system downtime)
Human interaction gap (e.g.,
human mistakes and
inefficiencies)
Content workflow gap (e.g., need
for information)

101

102

Table 6.2 Continued
Specific categorization
Carayon et
al.,
2007
Halbesleben
et al., 2010

Niazkhani et
al., 2011

BCMA system in
academic medical
center

Structured observation of
medical administration
process

Identified work system
factors that affects nurses'
use and interaction with
BCMA process

System design (e.g., screen size)
System implementation (e.g.,
non-barcode medications)
System use (e.g., interruption)

Intensive care
units of four
hospitals

Observation and structured
interviews

3 categories of causes by
12 barriers to nurses' task

Information exchange
Information entry
Internal supply chain

CPOE system

Qualitative study in
medication-use process.
Data are collected from
transcripts of interviews with
clinical end-users, artifacts
used in daily work, and
educational materials to train
physicians and nurses to use
the CPOE system.

Details of the problems
encountered, their
probable root causes, and
the resulting workarounds
that emerged to address
them.

Prescribing
Communication of order
Dispensing
Administration
Monitoring

102

103
6.3

Methods

6.3.1 Study Scope
This study aims to investigate non-compliance behaviors of healthcare
practitioners while administrating medicines using the BCMA system. Since
medication administration processes are continuous and multi-directional, it is
difficult to find a clear-cut between the BCMA system and other systems. In this
study, the research team defined the boundary between the two as follows: The
BCMA system only includes systems that help healthcare practitioners to check
patient and medication information and to dispense medicines to patients while
other systems include ones providing patient and medication information to the
BCMA system. For example, other systems include Electronic Medication
Administration Record (eMAR) system, automatic medication dispensing system,
and Computerized Physician Order Entry (CPOE) system.
6.3.2 Selection of Papers
This study comprehensively collected relevant articles published between 2000
and 2012. The initial search of relevant literature was performed using three sets
of keywords. The first keywords set included “non-compliance,” “workaround
(work-around),” “violation,” “shortcut (short-cut),” “deviation,” and “deviance.” The
second set included “healthcare (hospital) information system,” “bar-code (bar
code, bar-coded, bar-coding),” “electronic (computerized) medication,” “bar-code
scanning,” “clinical decision support,” and “nursing informatics.” The third set
included “medication (medicine, drug) administration,” “nursing practice
(process),” “medication management,” “patient identification,” “medication
identification,” “medication process,” and “medication monitoring." Using
comprehensive combinations of three keywords, each of which came from one of
three keyword sets (e.g., “non-compliance” AND “bar-code scanning” AND
“medication administration”), The research team searched for all the papers that
contain the search keywords either in their abstract or title using the following
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databases: PubMed, Cumulative Index Allied Health Literature (CINAHL), Health
Source: PSYCInfo , Nursing academic edition, Social Sciences Full Text, and
PsycARTICLES. The research team only included articles published in peerreviewed journals or presented in academic conferences. This process resulted
in 418 papers.

Table 6.3 Paper exclusion criteria and resulting numbers of papers
Exclusion Criteria
(Search results from databases)
Exclusion 1: No care practitioners’ behaviors

# of papers
418
- 337

Exclusion 2: Not relevant to medication administration

- 27

Exclusion 3: Irrelevant topics or scope

- 26

Exclusion 4: Not accessible

-4

Final paper pool

24

The research team reviewed abstracts and keywords of all the 418 resulting
papers to determine their eligibility for further review using the following criteria.
First, the end users of the BCMA system should be healthcare practitioners. The
research team excluded studies of the BCMA system used by patients or nonprofessional healthcare providers such as social workers (Exclusion 1). Second,
the research team excluded papers that deal with other care processes only,
such as prescribing or dispensing (Exclusion 2). Furthermore, the research team
excluded papers that do not address the causes of non-compliance behaviors
(Exclusion 3). Lastly, the research team also excluded papers if the research
team had no access to their full manuscripts (Exclusion 4). Eventually, 24 papers
were selected for the review, referred to henceforth as paper pool. In the paper
pool, the research team collected 134 causes of non-compliance behaviors.
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6.3.3 Code Schemes and Codification Process
The research team used the open coding approach to develop the codes. The
open coding approach collects the quotes from the referenced papers to clarify
the causes of non-compliance behaviors and delineates characteristics to
represent raw data (Corbin & Strauss, 2008). In the coding process, the research
team ensured that the codes should be independent to each other and be placed
in the same abstraction level. The research team iteratively constructed and
destructed codes to obtain reliable and consistent results in the following
procedure. First, three leading authors of this paper randomly selected 21 causes
and abstracting core concepts. The extracted codes were adjusted and refined to
group similar causes. Then, three researchers independently coded the rest of
113 causes using the initial causes. The researchers compared the outcomes of
the codification with each other. When the research team had significant
discrepancies between coders, the research team discussed and adjusted the
code scheme. This process repeated until the research team stabilized
categories of causes of non-compliance behaviors. In the final process, the three
coders categorized quotes using the five categories. Inter-rater reliability
measures show substantial agreement levels: Fleiss’ Kappa value was 0.618 and
Conger’s exact Kappa value was 0.619.
6.4

Results

The research team found the five categories of causes of non-compliance
behaviors in the BCMA system process:
Poor Usability (11)
Poor Physical Ergonomic Design (10)
Poor Information Integrity (40)
Adverse Environment (23)
Lack of Awareness (9)
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Each category represents a common cause that leads to non-compliance
behaviors in the BCMA system process. The numbers in parentheses represents
how many causes belong to each category. However, theses numbers should
not be used to infer the seriousness of each category because the numbers of
the causes are based on only the paper pool we collected. In this section, the
research team describes definitions and common characteristics of the five
categories one by one. In addition, the research team also shows some
examples of causes that fall within each category.
6.4.1 Poor Usability
Poor Usability refers to problems from suboptimal user interfaces used in the
BCMA system. Some of them are typical usability issues, and they are often
identified through a discounted usability inspection method (Nielsen & Levy,
1994). For example, information required for medication administration is not
readily available [3] (a number in brackets represents the cause identification
number; a corresponding quote can be found in Appendix); a text field does not
allow additional information to be entered (e.g., additional notes from a physician
and documents for the next shift nurses) [4, 9]; and the system does not allow to
fix incorrect information (e.g., medication administration time) [8].
However, issues in this category are not limited to a visual user interface. Some
issues in an auditory interface were also found. For example, a scanner uses
identical beep sounds for both acceptable and wrong scanning, which might
make nurses to be confused or lead them to ignore the auditory feedback [2].
Some additional problems come from multiple systems. For example, due to the
lack of integration among multiple information systems, nurses might encounter
difficulties while processing information from multiple screens [1].
Issues in Poor Usability are technically easier to fix than other issues (e.g., Poor
Physical Ergonomic Design) because some of them are very specific to some
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elements of user interface (e.g., a text field for additional note) and could be fixed
through software update (e.g., software patch or version upgrade). However, it
does not mean that all of issues in Poor Usability are necessarily easy to fix.
When user interface developers are not readily reachable or the BCMA system is
part of the enterprise-scale software, changing such minor aspects can take a
substantial period of time. Furthermore, radical changes in interface may
frustrate users and lead to non-compliance behaviors due to the novel design.
6.4.2 Poor Physical Ergonomic Design
Poor Physical Ergonomic Design refers to problems due to incompatible designs
of hardware with nurses’ BCMA tasks. Generally, Poor Usability negatively
affects user’s cognitive behaviors such as perception and cognition, but Poor
Physical Ergonomic Design interferes with physical behaviors. Some physical
specifications of healthcare information systems are designed without enough
consideration of actual work processes and environments; mobile workstations or
medication carts are heavy, bulky or inconvenient to take into the patient’s room
[12,16]; a poor system layout such as inaccessible workstations also can prevent
nurses from performing the scanning task [15]. Due to such misfit system
specifications, nurses tend to find workarounds or shortcuts.
Issues in Poor Physical Ergonomic Design are difficult to fix because the system
specifications and interface designs are often fixed at the initial design stage of
the system. Modifying the system specifications after implementation usually
requires significant efforts and costs. To minimize such issues, the real work
environments and conditions should be considered at the very beginning stage of
system design process.
6.4.3 Poor Information Integrity
Poor Information Integrity refers to problems caused by poor information transfer
or incorrect and/or missing information. Poor Information Integrity is often found
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in the midst of communicating information through electronic medium (e.g.,
communication between the eMAR and BCMA systems), but it should be noted
that physical forms of information media (e.g., bar code) also cause the Poor
Information Integrity issues.
First, incorrect or missing information from peripheral systems, such as eMAR,
computerized prescribing system, and automated medication dispensing system,
could be causes of non-compliance behaviors. For example, eMAR often fails to
send medication orders on time, so nurses try to complete the medication
administration process without the medication order [26]; actual administration
information did not correspond to the information from the eMAR [37]. The dose
of medication stocked by the hospital did not match that of the typical medication
order [58, 59]. Sometimes, due to strict information entry requirement, peripheral
systems cannot transmit the information to the BCMA system on time; the eMAR
requires all fields to be completed or there will be difficulty in documenting
information [34].
Second, bar codes are another cause of non-compliance behaviors. Bar codes
are an important information delivery medium in the BCMA system because
patient identification information and medication information can be entered
through them. In general, there are three commonly observed issues in the bar
codes: missing bar codes, damaged bar codes, and inaccessible bar codes.
Some medications may not have bar codes to scan on their bottles, but on a box
containing the bottles [27, 50, 53]. Some non-formulary medications, which are
not in the list of brand name and generic medications, usually do not have proper
bar codes for the BCMA system, so it requires nurses to take additional steps to
manually register such medications. To avoid the burden, nurses sometimes skip
the scanning process [51, 56]. Damaged bar codes such as dirty, twisted or torn
bar codes are difficult to scan and delay the medication administration process
[23, 49, 52, 55]. Some bar codes are inaccessible to the scanner because it is
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located on cringed or banded areas [32]. In particular, intravenous drips or other
liquid medications have customized bar codes and are delivered via
unconventional containers, which may prevent nurses from scanning them [47].
Issues in Poor Information Integrity mainly stem from lack of understanding on
interactive and connected working environments. Stand-alone systems are hard
to find in modern working environments and communication and interoperability
between systems are much more important. Especially, the designers should
consider highly responsive task settings of care process at early system design
stage.
6.4.4 Adverse Environment
Adverse Environment refers to the problems due to uncontrollable or
unpredictable situations for the BCMA system users. One of the major cases in
this category is an emergency or uncontrollable situation. When patients arrive at
a hospital in a serious condition, nurses are likely to skip the scanning medication
bar codes or patient identification steps [69, 81]. In addition, patients are often
taken of wards to have operations or diagnoses, which make it impossible for
nurses to proceed with the BCMA system process [67, 71]. Some patients may
have medical conditions that do not allow them to wear wristbands with bar
codes on their body [70, 74, 79, 82]. Even though this is an issue of bar code,
this issue cannot be categorized into Poor Information Integrity because the
issue stems from the patient’s health condition, not from the role of information
transfer.
Heavy workload on nurses is also included in this category. Heavy workload can
result from insufficient staffing, busy periods, or time constraints to complete the
tasks [65, 76]. Surprisingly, compared to a paper-based system, the BCMA
system adds 7 to 24 more steps to administer medication, requires some level of
changes in nurse’s role, and requires more responsibility from care practitioners.
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Such changes can frequently cause breakdowns, interruptions, or overworkloads, so care practitioners understandably deviate from the work process
required by the systems (Bargren & Lu, 2009; Cheng, Goldstein, Geller, & Levitt,
2003; Niazkhani, Pirnejad, van der Sijs, de Bont, & Aarts, 2010).
In addition, nurses intentionally bypass the BCMA system process intentionally in
order to care for patients. Nurses do not want to disturb sleeping patients [72]
and try to avoid interrupting discussions between patients, family, and other
healthcare practitioners [73]. As another example, a nurse may skip scanning a
patient wristband to avoid endangering patient care while waiting for a new
wristband to be issued [80].
The causes in this category may not have specific solutions, at least from the
user perspective, due to the unexpected and unavoidable characteristics of such
events (Carayon et al., 2007; Tucker & Edmondson, 2003). However, heavy
workload issues can be resolved by optimizing schedules and by increasing
workforce (e.g., hiring more nurses).
6.4.5 Lack of Awareness
Lack of Awareness refers to the problems due to unclear understanding of work
procedures or underestimation of associated risks. While other categories of
causes are based on poor system features, this category represents users’
inappropriate attitudes toward the system (Rivera-Rodriguez et al., 2012).
First, this antagonism may occur because nurses are unfamiliar with how to use
the system. Since nurses are unaware of how to retrieve patient and medication
information, medication administration may be delayed; so they skip the BCMA
system process [94]. Some cases show lack of understanding on bar codes of
medication labels (e.g., fail to find the location of bar codes) [93].
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Second, nurses may underestimate the risk of non-compliance behaviors while
using the BCMA system, or they may not fully appreciate the system’s benefits
[89]. In some cases, nurses think that they are familiar enough with the patients
through long-term care, so they may skip to confirm patient’s identification
because they underestimate the risk of misidentification [95]. In addition, the lack
of awareness of general hospital policies can be another issue in this category
[90].
Obviously, training will be a solution for the issues in this category, but methods
and contents of training are required to be more specific. For example, training
programs need to be different based on specific system usages, benefits and risk
of the system, or general policies.
6.5

Discussion

6.5.1 Implications on Codified Categories
Table 6.4 shows the comparison between the five categories in this study and
other categories from previous literature. Carayon et al. (2007) narrowed down
the causes by technology implementation processes. In particular, their
categories highlight the causes of non-compliance behaviors that occur in the
design, implementation, and use stages of the BCMA technology. Halbesleben et
al. (2010) classified causes into three categories: “internal supply chain,
information exchange, information entry”. These categories respectively indicates
communication issues, information input issues and medication issues. Niazkani
et al. (2010) projected causes to the medication administration process. These
categories are not comprehensive for a wide range of causes and only explain
particular aspects of non-compliance behaviors.
Some studies used abstract and conceptual classification criteria to categorize
the causes of non-compliance behaviors. Halbesleben et al. (2008) and Koppel
et al. (2009) similarly categorized the causes of non-compliance behaviors by
technology, task or process, people or patient related, policies or organizational,
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and environmental issues. Even though their categories are based on prior
research and log data, some categories are not independent to each other and
they did not use any systematic approach to define the categories. Since each of
these categories point to a broad area (e.g., policy), it is difficult to derive
solutions to resolve specific non-compliance behaviors.

Table 6.4 Comparison with the Categories of Non-compliance Causes
Codified Category
Reference

Carayon et
al.,
2007

Specific

Halbesleben
et al., 2010

Category

Poor
Usability

Poor
Physical
Ergonomic
Design

Poor
Information
Integration

Adverse
Environment

System design
(e.g. screen
size)
System
implementation
(e.g. nonbarcoded
medications)
System use
(e.g.
interruption)
Information
entry
Information
exchange
Internal supply
chain
Prescribing
Communication
of order

Niazkhani et
al., 2011

Dispensing
Administration
Monitoring

Too task oriented

Lack of
Awareness
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Table 6.4 Continued
Policies/Law/Re
gulations
Protocols
Halbesleben
et al., 2008

Process/Design/
Flow

Simple list of causing actors

Technology
People

Abstract

Technical gap
Bargren&
Lu,
2009

Human
interaction gap
Content
workflow gap
Technology

Koppel et
al.,
2009

Task
Organizational
Patient related
Environmental

In contrast, our five categories have three clear advantages over other categories.
First, the categories have appropriate levels of criteria, and they are independent
to each other. While they cover comprehensive aspects of the BCMA system
including software, hardware, users and environment, each category clearly
explains the repeating pattern of the causes of non-compliance behaviors.
Second, the categories have clear definitions. Halbesleben et al. (2008) insisted
that much of the previous literature tends to classify the causes of noncompliance behaviors but does not provide clear definitions. Meanwhile, the
research team defines each category and easily classified the causes by the
definitions. Third, our categories are based on qualitative data analysis. Through
a repeating codification process, our categories can consistently and reliably
explain the non-compliance behaviors. Also, such an analytic approach helps to
maintain neutral perspective on developing the categories. With these three
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advantages, the categories can be applied into other healthcare information
system environments.
6.5.2 Potential Solutions to Reduce Non-compliance Behaviors
According to the codification results, the five categories identify three areas to
reduce the chances of non-compliance behaviors.
First, issues in Poor Usability and Poor Physical Ergonomic Design indicate that
system design deficiencies should be resolved to diminish non-compliance
behaviors. The first way to resolve the deficiencies effectively is a “usability study”
and basic human factors. As another way, Fogg (2002, 2009) suggested the
concept of persuasive technology. He considered computers or information
systems as social actors that can create the relationship with users by rewarding
them with positive feedbacks, modeling target attitudinal behaviors and providing
social supports. To do so, he highlighted the roles of the five social cues:
physical, psychological, languages, social dynamic and social role cues (Fogg,
2002). First, physical cues improve the aesthetic aspects of system. Second,
psychological cues provide supportive interactions and a sense of caring to users.
Third, praising comments make users feel better, be willing to work again, and
find the interactions engaging. Finally, the rule of reciprocity facilitates the system
adaptation and reduces the gaps between system and users. Thus, the system
design by the concept of persuasive technology can solve the system design
deficiencies by usability and specification issues.
Second, Lack of Awareness issues underline the importance of users’
understanding of system procedures and guidelines. To solve the issues in the
lack of user awareness, training can be a principal solution. While the improved
care quality by the systems is mainly advantageous to patients, productivity or
efficiency of the system is associated with nurses or other care practitioners who
operate the system (Carayon et al., 2011; Lee & Duffy, 2009). Training also
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requires acknowledging the different characteristics of tasks that system users
perform. In case of the medication administration process in the BCMA system,
nurses’ tasks can be divided into two different types. On the one hand, most of
preparation and follow-up tasks consist of simple tasks in straightforward
sequence such as obtaining medications or bring medications to patients. On the
other hand, scanning and matching tasks contain cognitive activities such as
comparing, choosing, or analyzing. This may be one potential reason that
scanning and matching tasks have more diverse causes of non-compliance
behaviors than preparation and follow-up tasks. Thus, training should be
designed to incorporate the unique user-beneficiary structure and to be tailored
to support the different kinds of tasks in order to reduce non-compliance
behaviors.
Finally, poor system operating environments are another area need to be
addressed to prevent non-compliance behaviors. System operating environments
include not only uncontrollable environmental issues such as noise, lack of space,
interruptions, and emergency situations, but also controllable issues such as lack
of workstations, poor wristband designs, and inaccessibility to bar codes. Unlike
these uncontrollable environmental issues, simple fixes on controllable issues
can significantly reduce the chances to turn into non-compliance. Such
uncontrollable environmental issues impede smooth transfer of the information
from medications and patients. Furthermore, incorrect and missing information is
easily ended in blocks to further work process (Halbesleben et al., 2008). Though
we cannot prevent uncontrollable environmental issues, we may prevent
controllable issues by applying participatory ergonomics to redesign the
operating environment. Participatory ergonomics involve the main worker, nurses
in our case, in the design process so that the system can improve workers’
efficiency and productivity. Implementing participatory ergonomics teams in
hospitals can improve work efficiency and safety measures in the long run (Rivilis
et al., 2008). Using participatory ergonomics, the BCMA system can rearrange its
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physical components and update user interface to prevent nurses from skipping
necessary steps.
6.5.3 Challenges in Categorizing the Quotes of Non-compliance Behaviors
It is innately challenging to develop a comprehensive and mutually exclusive set
of categories from diverse causes of non-compliance behaviors collected from
diverse sources. The research team found that some causes do not fit in our five
categories due to insufficient information. In addition, the research team
struggled to settle the final five categories in order to provide more succinct and
comprehensive categories for non-compliance behaviors.
There are three miscellaneous categories that are not matched to our codification
criteria. First, the research team ruled out the causes that are insufficiently
described. Since they are unable to specify what the underlying causes of any
non-compliance behaviors, it was difficult to assign them into certain categories.
For example, one study roughly mentioned inconvenience of using system for
checking patient and medication information as the cause of non-compliance
behaviors [99]. Another addressed that users report the bar code will not be
scanned without specifying whether difficulty is with the bar code, scanner, or
other BCMA function [96]. Simply, shortage of time and faulty equipment are
discussed as the causes but they seem to be too broad to understand what kind
of problem they are [101, 103]. Additionally, some studies argued the noncompliance behaviors as the causes. Missing the scan of patient identification
bar codes and exceeding preset medication administration time are
consequences of the causes, not causes themselves [106, 107]. Thus, the
research team ruled them out from our classification.
Second, the research team excluded the causes of overall inefficiency because
they were higher level or broader set of problems than other categories the
research team defined. For example, the delay in response from the BCMA
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system is categorized in this category, but this issue is also overlapped with Poor
Usability or Poor Physical Ergonomic Design [111]. User perception issues such
as dissatisfaction on the system and incompatibility of the system with actual
workflow can be examples as well [112]. The research team also considered
workload issues and mismatched practice problems as separate categories, but
the research team discarded them because these issues are commonly triggered
by most of the causes of non-compliance behaviors. In addition, a lower and too
detailed level was not included in our categories. For example, patient-related
causes such as patient disturbance to the BCMA procedure [68] or bar code
contamination by patient [71] considered as a category but the research team
merged them into Adverse Environment category.
Third, some hardware function issues and accessory components issues are not
included in our categories. Some nurses complained about the malfunction of
scanners, reluctance to charge or replace batteries, and poor wireless
connection [118, 119, 121, 122, 125, 126]. These issues directly cause noncompliance behaviors because nurses cannot proceed to further BCMA system
processes. However, the research team considered these issues are
extraordinary cases and cannot occur in normal work condition. Thus, the
research team excluded them as simply miscellaneous issues.
6.6

Contributions and Limitations

The research team believes that this study contributes to healthcare information
system engineering domains. The research team discovered the diverse patterns
of causes of non-compliance behaviors in the healthcare information system.
Previous research tends to focus specifically on work processes of care
practitioners or broadly on concepts of the healthcare information system. Thus,
they defined the cause of non-compliance behaviors by taking a microscopic or
abstract approach. However, the research team highlights the structural aspects
of the healthcare information system. Our five categories of the causes capture
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from interactions with the peripheral systems and environments as well as with
the system structure itself. For this reason, our approach to categorize the
causes of non-compliance behaviors is applicable to other healthcare information
systems. This application could be able to provide a system-oriented view of noncompliance behaviors in healthcare information systems. Using these categories,
it would be useful and meaningful to understand what type of system structurebased causes of non-compliance behaviors are in other healthcare information
systems such as electronic prescribing systems or computerized physician order
entry systems.
Along with this contribution, there are some limitations in this study. The research
team conducted this study with an assumption that non-compliance behaviors
negatively affect work performance. However, some studies argue that noncompliance behaviors have positive aspects, such as improving work efficiency,
providing alternative solutions in emergencies, and decreasing workloads (Ash et
al., 2004; Lalley & Malloch, 2010). Though there may be positive outcomes, each
occurrence of non-compliance behaviors indicates that users encounter
unnecessary problems. Thus, non-compliance behaviors should be
systematically captured to improve the quality of healthcare information systems
regardless of their outcomes.
Another potential concern with this study is that some causes of non-compliance
behaviors are difficult to uncover. Even though the research team reviewed
relevant literature in a limited time range, the causes are not fully described or do
not meet our codification criteria depending on the authors’ scope and
methodologies that were applied to previous studies. For this reason, the
codification process with limited resources was inevitable. The research team
believes that the results of this study are helpful to understand system structurebased causes of non-compliance behaviors in healthcare information systems.
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Before applying and generalizing the five categories to other healthcare
information systems, empirical evaluations must be studied.
6.7

Conclusions

In this study, the research team comprehensively investigated the causes of noncompliance behaviors in healthcare information systems, specifically the BCMA
system. After reviewing the existing literature, the research team found patterns
of causes of non-compliance behaviors in the BCMA system. The causes are
grouped into the five categories: Poor Usability, Poor Physical Ergonomic Design,
Poor Information Integrity, Adverse Environment, and Lack of Awareness. These
categories are based on the viewpoint of the system structure and interactions
with peripheral systems and environments. The research team believes that
these categories are meaningful to understand types of system structure-based
causes of non-compliance behaviors in other healthcare information systems.
Certainly, simply having the five categories is far from our lofty goal of providing
solutions to prevent non-compliance behaviors in healthcare information systems.
However, these categories can be an initial step toward this goal. These five
categories better describe the ways in which non-compliance behaviors occur,
while providing more useful common factors for further discussion and
application in the research of non-compliance behaviors.

120

CHAPTER 7. FINAL REMARKS

HIS adoption is the key to improve care quality and patient safety. HISs have
been introduced as a viable solution for the healthcare quality issues, and their
successful implementations and adoption become significantly important to
maximize the benefits of the systems. Many studies have confirmed the benefits
and usefulness of HISs (Cordero et al., 2004; Kohn et al., 2000; Mekhjian et al.,
2002; Sittig et al., 2005; Weiner et al., 1999). However, some side effects and
unexpected negative outcomes, such as system related errors, communication
errors, and decreased time with patients, from the systems have been also
reported. A low adoption rate is another issue to achieve the goals of HIS
(DesRoches et al., 2008; Jha et al., 2009). Though some governmental incentive
programs have been launched, these programs ease the financial burdens of
healthcare facilities that planned to implement HISs, but unintended negative
outcomes and reluctance to use the system should be solved to maximize the
benefits of HISs and improve the care quality.
The main objective of this dissertation is to understand the adoption process of
HISs and propose recommendations to reduce the reluctance to use the systems.
Based on existing theories of information system adoption and unique features of
the healthcare domain, a customized system adoption model for HIS is
suggested. To prove the validity of the model, influencing factors of main
constructs of system adoption theories were investigated. In addition, as main
barriers of HIS adoption, interruptions caused by the system and user oriented
non-compliance behaviors were examined to suggest practical recommendations.
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7.1

Theoretical Implications

This thesis proposed the use of existing system adoption theories (TAM and
UTAUT) and the distinctive user/stakeholder structure of HIS that addresses
critical issues in current HIS adoption (see CHAPTER 3). The thesis' main
contribution to the field, next to identifying and illustrating these issues of current
HIS adoption, is the elaboration of the potential benefits of the proposed
customized HIS adoption model in addressing these.
The most unique feature of the model is the application of the different
perspectives on system adoption processes. As mentioned in much of the
literature, the primary goal of HIS is to improve care quality and patient safety
(Bates et al., 2001; Kohn et al., 2000). Due to the implementation of HIS, medical
and medication errors are significantly reduced and the average length of stay in
hospitals is decreased (Mekhjian et al., 2002). Since patients are more
concerned with patient safety and care quality, which are main functional goals of
HIS, the patients’ perspectives are mainly associated with the perceived
usefulness (PU) of the system.
On the other hand, since task-fit, usability and system environment directly affect
system users’ work process, these can be worked as additional criteria to adopt
the system. The system user perspective is related with perceived ease of use
(PEOU). Many systems are designed without consideration of existing work
processes, which leads to users’ reluctance to adopt the systems and unintended
outcomes such as delays in care process and system oriented errors (Campbell
et al., 2009; Kaushal et al., 2003). Thus, the system user perspective is as
important as the patient perspective in the HIS adoption. Task-fit, system
usability, and system environmental issues are critical to adopt the system and
improve care quality and patient safety.
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The results of three conducted studies support the suggested research
framework. The research framework is originated from the issues of subpar
quality of care and frequent number of medical/medication errors in current
healthcare service system. As a viable solution for the issues, information
systems are suggested. Many studies confirmed positive effects of various types
of the system in care quality and patient safety, but the systems also generated
unintended negative outcomes, which can cause low adoption of the systems. To
improve the low adoption rate and minimize unintended negative outcomes, the
research framework is proposed and three studies were conducted to verify the
framework.
First, as a top-down approach, Study 1 attempted to figure out unique features of
HIS. Based on TAM and UTAUT, widely used models in system adoption
research, Study 1 investigated a unique user/beneficiary structure. Different from
information systems or technologies in previous system adoption theories, direct
users (care practitioners) and main beneficiary (patients) of the system are
different. Also, due to complex and diverse functions of the system, the “ease of
use” plays a role as significant as “usefulness” in successful implementation of
HIS. According to the codification of care practitioners’ interviews, Study 1
supports unique features and suggests new system adoption model for HIS.
Second, Study 2 investigated the negative effects of interruptions as a specific
solution of system adoption barriers. Among three major barriers of HIS adoption
(see Section 2.4), scattered and fragmented nature of care processes and
clinical tasks easily cause multi-tasking environments and frequent interruptions.
Such interruptions vulnerably induce various errors or mistakes, which can
harmfully influence the care quality. Study 2 examined the negative effects of
interruption by different types of task: cognitive and physical tasks.
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Third, non-compliance behaviors were analyzed in Study 3 as another barrier of
successful system adoption. While interruptions can be considered as systemoriented barriers, non-compliance behaviors can be regarded as user orientedbarriers. From comprehensive previous research on non-compliance behaviors
of BCMA process, five major categories of the causes of non-compliance
behaviors were identified and facilitate in depth understanding of user reluctance
to new HIS adoption. Figure 7.1 shows the relationship between conducted
studies and the suggested research framework

Figure 7.1 The relationship between studies and research framework
7.2

Practical Implications

The practical implications of this research are the resulting guidelines derived
from the studies conducted. Study 1 addressed the importance of the factors
affecting the efficiency of the system such as a back-up system, interoperability
of information, and system downtime strategy. Study 2 discussed the impact of
interruptions in an information system environment as the system functional
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barrier of smooth HIS adoption. In Study 3, as the user oriented barrier, the
causes of non-compliance behaviors in BCMA system were investigated.
Based on the results from studies, three guidelines are suggested for minimizing
unintended outcomes of HIS use and improving the system adoption.
Recommendation 1: Pay more attention to direct users’ perspectives on new HIS
adoption processes.
According to Study 1, healthcare domain’s unique user structure and indepth appreciation of system adoption constructs are necessary to
achieve the successful implementation of HIS. The study also indicated
that the system efficiency, usability, and learnability are as important as
job performance, productivity and effectiveness. Since HIS designers are
easily biased to focus on improving care quality and patient safety, direct
users’ perspectives on a new system can be less emphasized. However,
successful implementation and adoption of the system cannot be
accomplished without the satisfaction of direct users. Thus, effective
communication, task-fit, and documentation time are the main evaluating
criteria for successful system implementation, and care practitioners put
more value on their additional tasks or increased workload to learn new
system procedures than on the implementation of work process.
Recommendation 2: Systematically understand the characteristics of the system
users’ tasks.
Study 2 indicated that different types of tasks generate different effects of
interruptions. In case of the medication administration process in the
BCMA system, nurses’ tasks can be divided into two different types of task:
simple motor tasks such as obtaining medications or bring medications to
patients and cognitive resource demanding activities such as comparing,
choosing, or analyzing. The study showed that information systems more
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negatively affect the performance of cognitive resource demanding tasks,
and task similarity between primary and interrupting tasks plays a
significant role in negative effects from interruptions. Hence,
comprehensive task analysis is essential to smooth adoption of a new HIS.
Recommendation 3: Improve the system interoperability with other peripheral
systems and environments.
System interoperability is another criteria to facilitate the HIS adoption
process. In Study 1, easy transferability of clinical data with back-up
system and integration with existing systems improve the satisfaction on a
newly implemented system. Additionally, Study 3 demonstrated poor
information integrity is one of the main causes of non-compliance
behaviors in BCMA system. The information transfer is a key aspect of the
system interoperability. Poor information transfer or missing and/or
incorrect information cause the reluctance to adopt a new system.
Therefore, the implementation process should consider highly interactive
and responsive working environments of care processes.
In addition, though studies in this dissertation are based on the application of
BCMA, the results are not limited to a specific HIS and are applicable to other
HISs such as Computerized Physician Order Entry (CPOE) or electronic
prescribing systems. The results are developed minimizing unique contexts or
features of a particular HIS and are based on general views of human factors
principles.
7.3

Limitations and Future Direction

One limitation of this research involves the lack of an empirical study on the
suggested framework in Study 1 and 3. Both studies figured out important factors
that affect HIS adoption and non-compliance behaviors using qualitative
approach. While factors to adopt the systems were uncovered by analysis of
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interview manuscripts, salient causes for non-compliance behaviors were
extracted from relevant previous studies. Since both studies are based on
qualitative approach, the results can lack a practical and objective confirmation.
To apply the results to real-life applications, direct measures of the system
adoption factors need to be addressed and the non-compliance causes need to
be directly evaluated by system users. Thus, future research should elaborate on
the relationship among the system adoption factors and should empirically
assess the generalizability of non-compliance causes.
Another limitation includes the dynamic and complex features of care tasks.
Some levels of simplification of care tasks or attitudes on HIS adoption were
inevitable to deduce from the results. For example, in Study 1, the care
practitioner’s perspectives on newly implemented HIS were not constant and
could not be easily separated into good and bad. Though they feel the system
would be cumbersome at an early stage of the implementation, they eventually
adapted and became aware of the system’s necessity and usefulness.
In addition, the results from a single information system may not be the same as
the comprehensive results. In Study 2, user tasks in the information system are
classified into two types to maximize the effects from the interruptions. Study 3
already mentioned that some amount of non-compliance causes couldn’t be
classified into a single category. Taking these constraints into consideration, the
value of the findings from the studies needs to be empirically evaluated.
.
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Appendix A Study 1 Summary of Interview transcripts

Positive comments
“New system will improve the patient safety and daily work, and communication and
cooperation will be improved as well.”
“I think new system cuts out a lot of time waste and consider efficiency is most
important aspect in new system.”
“New system will improve patient safety because it will reduce the documentation.”
“Hopefully, new system will be not time consuming and be easy to use and user
friendly.”
“New system will provide more detailed information about patient and medications they
had.”
“In ER, previous medical history is very important. If we don’t know history, it is very
difficult to treat the patients. So, ER needs to have more specific systems.”
“New system will improve patient safety and communication but it won’t change daily
work.”
“I expect new system will improve the documentation.
Negative comments
“New system will affect nothing on patient safety and daily work because it seems
duplicated system and current system is effective enough. Also, no effect will be on
communication.”
“I actually concern about workload increase with new system.”
“I’m very satisfied with current system and work environment. So, new system
implementation generates reluctance to adoption.”
“ The problem is no link between order and pharmacy system. Currently, three different
systems are needed to use for patient information. Since they are completely different,
we need to memorize some information.”
“In down time, we use hand written labels. When it comes back, it’s disaster. There are
lots of works to do, but the systems go down frequently.”
Negative comments (continue)
“We have to use all of these different programs instead of one or two. We have to
login all programs. So, we have to have five or six passwords in a time.”
“New system will make much worse daily work because it requires additional tasks and
time.”
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Mixed comments
“Daily work also improves with new system, but just for safety issue. However,
communication will be not impact from it.”
“New system will improve current work process but it has not clear picture.”
“New system will also improve daily work but not for communication process.”
“New system will improve patient safety but he doesn’t know how to effect. It will not
much impact on daily work but improve data management.”
“New system can help right drug and right patient, but it will make much more difficult
in daily work. At least it will be time consuming initially.”
“It is going to improve patient safety, not going to improve efficiency. So, my
understanding is that things are more accurate. However, it’s not going to be faster. It
seems to be perceived this being as difficult system and it’s going to be time
consuming, and lengthy and it’s not going to make your work easier but it makes more
safer for patients.”
“Training for new system is important. New system can increase workload. The more
patient safety is achieved, the more additional works are needed.”
“New system does not affect communication process. If it can allow communicating
with nurses instead of phone calls, that’s great.”
“New system will be good for patient safety, but there would be a lot of questions at
least initially.”
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Appendix B

Study 1 Interview Questionnaire

1. About the questions:
Interview questions are developed to find out the current situation in Wishard Hospital.
The questions are biggest and most frequent problems, errors related to patient safety,
communication, current IT usage, medication administration process and the
expectations about BCMA. The questions for nurses are divided in 3 sub groups, in
order to restrict interview time by 30 minutes. The target audiences for interview
questions are nurses and pharmacists who use the BCMA system.
2. Interview conducting and recording:
Before the interview the general information should be given to interviewee.
“We ask your help in a study of defining current medication administration process and
the expectations about Bar Code Medication Administration (BCMA) system. This study
is part on an effect to implement BCMA in Wishard Hospital.
Results from the interviews will be used for achieving successful implementation of
BCMA. Thank you very much for helping with this important study.”
After the introduction, the demographic questions should be asked. The interviews need
to be recorded. Also for the questions which have multiple choices with check box, the
interviewers should remark the answers.
3. Demographic Questions:
Age:
Gender:
Experience in Job (years):
Department and position:
4. Questions:
The related group of questions should be asked.
4.1. Which of the following Information Technologies (IT) do you use during your
daily work? (Respondents can choose more than 1-Please remark the related
one).
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a. Scheduling
b. Patient tracking
c. Laboratory entry
d. Laboratory results
e. E-mail
f.

Internet

g. Intranet
h. Others
The following 4 questions will be asked for each IT system used during daily work:
4.2. Do you like the system?
4.2.1. If yes, can you tell me the main reason why you like the system?
4.2.2. If no, can you tell me the main reason why you do not like the system?
4.2.3. How do you fix a problem with software? (frozen, not allowed to perform the
task)
4.2.4. When there is a power failure, what is your process to get the job done? (e.g.
Does the system print? Do you know when it prints?)
The following questions are related to the Medication Administration Process (MAP):
4.3. Considering your department, can you tell me the problems in MAP?
4.3.1. Which one is the most important?
4.3.2. Which one is the most frequent?
4.4. Can you tell me the reasons why you contact with Pharmacists in the MAP?
4.4.1. Beyond the typical routine, why do you contact with pharmacists?
4.5. Can you tell me the reasons why you contact with other nurses in the MAP?
4.5.1. Beyond the typical routine, why do you contact with other nurses?
4.6. Can you tell me which of the following ways of communication are used
between nurses and physicians to communicate in the MAP? (Respondents
can choose more than one). How often do you use each of the following ways of
communication?
a. Pager
b. Intercom
c. Wireless phones
d. E-mail
e. Face to face
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f.

Cell phones

g. Others
4.7. Can you tell me which of the following ways of communication are used
between nurses to communicate in the MAP? (Respondents can choose more
than one). How often do you use each of the following ways of communication?
a. Pager
b. Intercom
c. Wireless phone
d. E-mail
e. Face to face
f. Cell phone
g. Others
4.8. Can you tell me which of the following problems do you have in your
communication with physicians?

How often does each of the following

problems occur? How is the severity of the following problems on Patient safety?
a. Language comprehension
b. Time burden of phone calls
c.

Lack of information

d. Interruptive communication
e. Inaccurate communication
f. Not open information
g. Delay information
h. Others
4.9. Can you tell me which of the following problems do you have in your
communication with other departments? How often does each of the following
problems occur? How is the severity of the following problems on Patient safety?
a. Language comprehension
b. Time burden of phone calls
c. Lack of information
d. Interruptive communication
e. Inaccurate communication
4.10. Due to problems in nurses – physicians communication, what can go wrong?
(wrong med/patient/time/route/poor med monitoring, and their effects on patiens)
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4.11. In your opinion, how will BCMA affect patient safety? (Please explain why do
you think like this)
4.12. In your opinion, how will BCMA affect your daily work ? (Please explain why do
you think like this)
4.13. In your opinion, how will BCMA affect nurses-physicians communication?
(Please explain why you think like this)
4.14. In your opinion, how will BCMA affect communication between different
departments? (Please explain why you think like this)
4.15. In your opinion, how will BCMA affect nurses-physicians cooperation?
(Please explain why you think like this)
4.16. In your opinion, how will BCMA affect cooperation between different
departments? (Please explain why you think like this)
4.17. Beside these, what do you expect from the BCMA system?
4.18. Do you consider BCMA to be a success?
4.18.1. If yes, how do you define success? (What makes you think that the BCMA
implementation is successful)

If you have a small number of tables or figures in appendices, you can insert
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Appendix C

Study 2 Supplemental Statistics

Table C. 1 ANOVA and Tukey multiple comparisons of means for Quantitative measures
(95% family-wise confidence level)
Response: Time
Task
Frequency
Task:Frequency
Residuals
--Signif. codes:
Task sets
Cog/Skill-Cog/Cog
Skill/Cog-Cog/Cog
Skill/Skill-Cog/Cog
Skill/Cog-Cog/Skill
Skill/Skill-Cog/Skill
Skill/Skill-Skill/Cog

Df
3
1
3
327

Sum Sq
194767
11751
6510
307550

Mean Sq
64922
11751
2170
940

F value
69.280
12.494
2.307

Pr(>F)
1e-10 ***
0.0005 ***
0.0765 *

0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Diff
-14.88239
-64.91844
-39.45688
-50.03605
-24.57449
25.46156

lwr
-20.00570
-69.95701
-44.35396
-54.91690
-29.30914
20.81873

upr
-9.759088
-59.879869
-34.559805
-45.155192
-19.839839
30.104385

padj
0
0
0
0
0
0
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Figure C. 1 Graphical diagnostics of ANOVA assumption for Quantitative
measures
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Table C. 2 ANOVA and Tukey multiple comparisons of means for Qualitative measures
(95% family-wise confidence level)
Response: Time

Task
Frequency
Task:Frequency
Residuals
--Signif. codes:
Task sets
Cog/Skill-Cog/Cog
Skill/Cog-Cog/Cog
Skill/Skill-Cog/Cog
Skill/Cog-Cog/Skill
Skill/Skill-Cog/Skill
Skill/Skill-Skill/Cog

Df
3
1
3
79

Sum Sq
3510
821
363
3634

Mean Sq
1170
821
121
46

F value
25.440
17.854
2.631

Pr(>F)
<2e-16 ***
<2e-16 ***
0.0575 *

0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Diff
-3.657895
21.105263
40.142105
24.763158
43.800000
19.036842

lwr
-14.807874
9.813241
28.992126
13.613179
32.793898
7.886863

upr
7.492084
32.397286
51.292084
35.913137
54.806102
30.186821

padj
0.8241880
0.0000306
0.0000000
0.0000008
0.0000000
0.0001501
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Figure C. 2 Graphical diagnositics of ANOVA assumption for Qualitative
measures
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Appendix D

Study 2 Experimental Material

1. Instruction
Thank you very much for your participation. The purpose of this experiment is to
investigate the effects of interruption on human cognitive behavior.
Please read the following instructions and give your responses to each sub-task.
1. You will be asked to fill out the demographic questionnaire (Questionnaire I)
before the experiment.
2. You will be asked to solve basic math (calculus/algebra) questions or to do
simple task.
- Math questions consist of various levels.
- Simple questions include copying phrases.
- Try to answer all questions but if you do not know the answer, just press the
return key.
- Some interrupting questions or tasks may be appeared during the solving.
- Finish the interrupting questions or tasks and press enter key, you can go back
to the previous question.
a. Before starting tasks, you will be given enough practice with math
questions and simple questions to adapt the question types.
- Please answer all training questions. They will use as measuring
reference for analysis.
- A practice questions consist of 10 math questions and 10 simple
questions.
b. You will perform four question sets based on different task combination
and interrupting frequency.
- When you click a target item, a pop-up will be shown. If not, no action
will be occurred.
- For each set, you will be given 10 min to solve the questions. The more
you solve, the higher score you will have.

160
2. Demographic questionnaire
Please fill out every question in the following questionnaire.
1. What is your gender?
Male Female
2. The year of birth (e.g. 1976) :___________________________________
3. What is your classification?
Undergraduate Student
Graduate Student - MS
Graduate Student – Ph. D
4. What is your ethnicity?
White or Caucasian/Non-Hispanic
Black or African American
American Indian or Alaska Native
Asian or Asian American
Hispanic or Latino
Other _______________________
5. What is your major/area of study? _________________________
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Table D. 1 Task pool table for cognitive task
No.

Question

1

How many tiles will Rent-A-Kid need to install a
single row of square tiles, each with side-length 1,
along all 4 edges of the floor in a 12*16 room?

2

3

4

5

Bill sets out on a journey. For the first one third of
the distance he drives at 30mph; he drives the
second third at 40mph; he drives the last third of
the distance at 50mph. What is his average
speed?
Each month after he bought a new computer John
used 20% of the hard disk space still available.
After three months only 640KB remained. How
many KB did his computer have when it was
brand new?
It takes Chris 3/2 times as long to perform Task X
as Allison. It takes Allison 5/3 times as long to
perform Task X as Barry. If Chris, Allison, and
Barry work together, they can perform Task X in 3
hours. How long does it take Chris to perform
Task X working alone?
To earn an A in her math class, Jane must
correctly answer 80% of the questions on three
regular tests plus the final exam, which counts
twice as much as a regular test. If Jane has
scores of 72, 67 and 75 on the tests which are
worth 100 points each, what percentage of total
points does she need on the final exam to earn an
A?

a.

Answer
b.
c.

d.

52

56

58

60

12.8
mph

38.3
mph

40
mph

42.4
mph

1400

1500

1150

1250

43.2
min

6 hrs

25
hrs

10
hrs

87%

90%

92%

93%
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6

7

8

9

10

11

12

Your school cafeteria makes its delicious tuna
salad by adding 2 pounds of mayonnaise to every
3 pounds of canned tuna. Canned tuna costs
$1.50 per pound and mayonnaise costs $0.75 per
pound. How many pounds of tuna salad can the
cooks prepare for $100?
Joe found a battery powered drill for 25% off the
original price. At the checkout counter the clerk
enters the sale price, adds 5% sales tax, and then
tells Joe he owes $189. What was the original
price of the drill?
A certain clock indicates 8 o’clock. If the clock
runs accurately for the next 11,995 hours, what
hour will it indicate at the end of that time?
If it is 6:27 in the evening on a certain day, what
time in the morning was it exactly 2,880,717
minutes earlier? (Assume standard time in one
location.)
A jar contains 6 red marbles and 10 blue marbles,
all of equal size. If Dominic were to randomly
select 1 marble without replacement and then
select another marble from the jar, what would be
the probability of selecting 2 red marbles from the
jar?
Harris has $25 to spend on video-game rentals at
a local video store. The store charges $3.95 per
video-game rental plus an 8% tax. What is the
maximum number of video games that Harris can
rent?
Mr. Ross is purchasing a table for $1350, not
including 7% tax. He will pay for the furniture with
monthly payments of $75. If Mr. Ross has made
7payments, what is the amount of the remaining
balance?

83
1/3

33
1/3

50

75

158.
78

198.
45

240

226.
80

1
o'clo
ck

2
o'clo
ck

3
o'clo
ck

5
o'clo
ck

6:22

6:24

6:27

6:30

1/8

3/8

3/5

9/64

5

4

6

3

825

882.75

919.5

994.5
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13

14

15

16

17

18

19

Olga plans to take a trip from her house to a
friend’s house. She measured the distance
between the two places on a map and found it to
be 0.667 ft. If the scale on the map is 0.6 inch
represents 7 miles, which is closest to the actual
distance in miles between the two places? (1 ft
=12 in)
Lance sells 60 bikes each month. If 1/3 of the
racing bikes he sells each month equals 1/12 of
all the bikes he sells each month, how many
racing bikes does Lance sell each month?
I began with $6.80 in dimes. I made 10 piles of
dimes, each with the same number of dimes. Of
the following, which could have been the number
of dimes left over?
Denise’s great-grandfather gave her an antique
violin. He paid $18 for the violin 84 years ago. She
found that the dollar value of the violin had
doubled approximately every 12 years,, what is
the dollar value of Denise’s antique?
While in Tokyo, Callie spent 547,000 Japanese
yen for a strand of pearls. The cost of the pearls
was equivalent to $5,000 in U.S. currency. At the
time of Callie’s purchase, how many yen were
equivalent to $20 in U.S. currency?
Leigh learned that light travels at a constant rate
and that it takes 500 seconds for light to travel the
93 million miles from the Sun to Earth. Mars is
142 million miles from the Sun. About how many
seconds will it take for light to travel from the Sun
to Mars?
My three frineds and I divide the cost of a
restaurant dinner equally. If the cost was %60
after a 20% tip was added. What was the cost for
each of us without the tip?

8

94

112

12

20

15

12

5

12

24

36

48

126

810

2300

4600

109

2188

5470

27350

235

327

642

763

12

12.5

16

16.67
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20

21

22

23

24

25

26

27

28

A certain club has 35 male members and 45
female members. Which of the following equals
the ratio of the number of male members to the
number of female members?
There are 6 more football players wearing dark
helmets than wearing light ones. The ratio of dark
helmets to light is 2:1. The number of light helmet
is
If 2/7 of the 210 students in a class attended
graduate school, what was the total number of
students in the class who did not attend graduate
school?
A certain test consists of 8 sections with 25
questions numbered from 1 to 25, in each section.
If a student answered all of the even-numbered
questions correctly and 3/4 of the oddnumbered
questions correctly, what was the total number of
questions he answered correctly?
If a printer can 2 pages of text per second, then,
at this rate, approximately how many minutes
will it take to print 5,000 pages of text?
If the speed of an airplane is 360 kilometers per
hour, how many meters will it travel in one
second? (1 kilometer = 1,000 meters)
In a recent survey 65 percent of those responding
were in favor of recycling. If 780 people were in
favor of recycling, how many responded to the
survey?
A certain telescope increases the visual range at
a particular location from 90 kilometers to 150
kilometers. By what percent is the visual range
increased by using the telescope?
If Juan sold 100 of the 15,522 shares of stock that
he held, approximately what percent of his shares
did he sell?

5:9

5:7

3:4

7:9

2

3

6

12

60

105

142

150

150

172

174

175

4

25

42

250

100

360

1000

3600

1287

1200

900

845

33.5
%

40%

60%

66.6
%

0.3% 0.6% 0.9% 1.2%
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29

30

31

32

33

34

35

36

A carpenter purchases a hammer costing $8.03, a
bag of nails costing $5.16, and a tape measure
costing $2.81 with a twenty-dollar bill. How much
change does the carpenter receive if a sales tax
of 5 percent is charged on the entire purchase?
A certain property doubled in value from 1950 to
1960 and tripled in value from 1960 to 1980. The
value of the property in 1980 was how many times
the value in 1950?
If a store purchased 6 dozen items at a cost of
$1.80 per dozen and later sold them all for $0.20
apiece, what was the store’s profit on these
items?
A mail clerk put 1 or 2 stamps on each of 20
envelopes, using a total of 36 stamps. On how
many of the envelopes did the clerk put 2 stamps?
In traveling from a dormitory to a certain city, a
student went 1/5 of the way by foot, 2/3 of the way
by bus, and the remaining 8 kilometers by car.
What is the distance, in kilometers, from the
dormitory to the city?
A grocer purchased a quantity of bananas at 3
pounds for $0.50 and sold the entire quantity at 4
pounds for $1.00. How many pounds did the
grocer purchase if the profit from selling the
bananas was $10.00?
On a 3-day fishing trip, 4 adults consumed food
costing $60. For the same food costs per person
per day, what would be the cost of food consumed
by 7 adults during a 5-day fishing trip?
Joe went on a diet 6 months ago when he
weighed 222 pounds. If he now weighs 198
pounds and continues to lose at the same
average monthly rate, in approximately how many
months will he weigh 180 pounds?

$3.20

$3.29

$3.80

$4.00

3

5

6

8

$2.40

$2.84

$3.20

$3.60

6

8

12

16

30

45

60

90

40

60

90

120

$300

$175

$105

$100

3

3.5

4

4.5
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37

38

If a 50-pound food package consists of individual
4-ounce packets, how many individual packets
are contained in 4 tons of 50-pound packages?
(Assume that all weights given exclude the weight
of packaging material. 1 ton = 2,000 pounds; 1
pound = 16 ounces)
George is one of 500 people standing in line. If
there are 345 people in front of George, how
many people are behind him?

32000

8000

800

200

153

154

155

254
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Table D. 2 Task pool table for skill task
No.
1

2

3

4

5

6

7

8

9

Sentence to type
The dramatic transformation of the healthcare system in recent years has led to
a development of serious interest in quality of healthcare. The Institute of
Medicine (IOM) reported astonishing results that medical errors and adverse
drug events (ADEs) are the single largest source.
This annual total exceeds the total number of death from motor vehicle
accidents, breast cancer, or AIDS per year. According to a 2003 Department of
Health and Human Services report, 32,500 patients died as a result of 18
specific types of medical injuries.
Information technology was introduced as a viable solution for the healthcare
quality problem with many studies having been conducted about the benefits
and usefulness of the IT systems in the healthcare domain. MIS research
approach can provide the conceptual framework for IT system implementation.
Thus, such mixed results indicate that not only the system itself but also its
implementation process and unique characteristics of the healthcare industry
play a significant role in achieving the goals of a healthcare IT system.
According to the report, possibly originated from these deficiencies.
Technology or system acceptance is one of the main research areas in the
Management Information System discipline with a variety of research having
been conducted on technology implementation. This has provided the
fundamental foundation for the healthcare system or technology implementation
research framework.
To understand the structure of technology adoption and solve the discrepancy
of acknowledged benefits yet low adoption rate, the MIS approach has been
considered. However, as some studies indicated, it is too focused on one view
of reality and the specific relationship.
As a human factors engineering approach, cognitive work analysis and human
failure classification provide solid evaluation criteria for IT system adoption in
the healthcare application. From those results, it is possible to minimize the
uncertainty of a new system, to optimize workflow or procedure.
The healthcare industry is the largest service business area in the U.S. with all
healthcare expenditures representing more than 16% of the GDP. Additionally,
more than $2 trillion is spent each year on healthcare industry in the U.S. and
costs are escalating relentlessly.
Generally, healthcare quality can be defined as providing the right cares to the
right patient at the right time – every time. This definition of healthcare quality
sounds very straightforward, but it is somewhat ambiguous in practice and
measure of a uniform definitions of healthcare quality.
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10

11

12

13

14

15

16

17

18

19

However, before IOM’s definition, healthcare quality was recognized as the
extent to compare health benefits such as increased life expectancy, pain relief,
and decreased anxiety with health risks like mortality, morbidity, and inaccurate
diagnoses. Another version states that high healthcare quality is to prevent
disease.
Although these definitions have tried to include the broad concept of healthcare
quality and to deliver a general perspective, they lack specific measurement
and criteria for achievement. To develop an understandable and relevant
definition of healthcare quality, AHRQ has designed and produced the NHQR.
A recent NHQR reported three challenges to achieve the high healthcare
quality; healthcare quality is still in need of improvement, quality reporting has
been enhanced but safety is less than optimal, and quality measurements
require more efforts. Another important concept of healthcare quality is called.
And whether the right choices are made in diagnosing and treating the patient.
An intervention or service is considered appropriate if, for individuals with
particular clinical and personal characteristics, it is expected that health benefits
exceed its expected health risks by a wide enough margin.
Another approach to definitions of the quality of healthcare is directly connected
with patient safety, which can evidently be confirmed by reviewing some
definitions of patient safety. One study described healthcare quality as the
eligibility of the recommended medical treatments and Berwick expounded.
Additionally, IOM defined patient safety as “freedom from accidental injury”, and
National Patient Safety Foundation described it as “the avoidance, prevention,
and amelioration of adverse outcomes or injuries stemming from the process of
care”. Patient safety is defined as to reduce the risk of injury.
In comparing with other industries, healthcare has unique characteristics and
they significantly influence successful implementation of a new IT system in
healthcare. The healthcare industry has a fragmented nature. This means that
its facilities are geographically scattered and clinical procedure consists of
various independent processes.
Considering the number of patients in hospitals and their treatments, one can
easily imagine the volume of transactions. Current hospitals are pursuing
“evidence based practice”, which is an integration of the best practice evidence.
Healthcare can be divided into three categories based on type of care.
Thus, not only physical locations of healthcare facilities but also types of service
vary and influence the volume of transactions. Other than service level, The
tasks also have different property. Healthcare tasks can be divided into
different levels. Primary process is direct patient treatment process.
ADEs occur in 6.5 of 100 non-obstetrical admissions with these deemed
preventable. A survey reported that 34% of respondents had experienced a
medical error in the last two years. Problems in healthcare are not restricted to
only the U.S. According to a report, about 400 people die.
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21

22

23

24

25

26

27

28

Seriously injured by adverse events from medical devices, about 10,000 people
are hurt, and 400 million are paid for the settlement of medical negligence
lawsuits. A review in New York found that one percent of patients hospitalized
had an adverse event due to negligence.
A further problem in U.S. healthcare quality is that there are large gaps between
the care that people should receive and the care that they do receive. Several
studies show that 50 percent of patients received recommended preventive
care, 70 percent received recommended acute care.
Additionally, the performance measuring of healthcare providers can be divided
into two dimensions. Technical performance that based on knowledge and
judgment to diagnosis and care delivery and interpersonal performance
between care providers and patients. Thus, measuring the performance and
quality of healthcare requires additional effort.
The other issue with measuring the quality of healthcare is unavailability of data.
There are two possible reasons for this lack of data. First, healthcare facilities
do not have a systematic record gathering system. As seen, healthcare facilities
generate a wide range of different types.
Due to such constraints, many studies on healthcare have been limited by small
sample sizes, an inability to rigorously adjust patient outcomes for differences in
severity of illness, an inability to control for differences in technologies, and a
narrow focus on a single outcome measure.
Patient safety reporting systems are often laborious and cumbersome and
healthcare providers express fear that findings may be used against them
legally or harm their professional reputations. Thus, hospitals are reluctant to
publicize their quality problems. Tracking trends in patient safety is complicated.
In healthcare, technologies are often seen as an important solution to improve
the quality of care and reduce or eliminate medical errors. These technologies
include organizational and work technologies aimed at improving the efficiency
and effectiveness of information and communication processes and patient
care.
Yet, the healthcare industry still does not have appropriate information
technology infrastructures to connect knowledge, experience, and data with
care delivery. Generally, the main role of information technology is to extend the
human mind’s limited capacity to recall and process large numbers of relevant
variables.
Due to broad applications and abstract definition of healthcare systems, the
specific and detailed structure is very difficult to be obtained. Healthcare
Information and Management System Society introduced a general view about
healthcare systems including the Electronic Health Record and the Electronic
Medical Record.
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33

34

35
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The most basic unit of the record is clinical data repository that contains diverse
patient clinical data. Controlled medical vocabulary is designed. The main role
is to standardize information for purposes of capturing, storing, exchanging,
searching, and analyzing data. Clinical decision support system is developed.
Technologies can change the way healthcare’s complex work is being
performed resulting in possible negative consequences of new technologies.
Advantages from healthcare IT systems include reducing the frequency of
serious medication errors and adverse drug events. A study of two hospitals
found an adjusted rate.
Negative outcomes are also reported in many studies. Some examples of
negative outcomes are longer documentation time, system related errors,
decreased time and communication with patients, increased order time,
reluctance to adopt a new system and concerns about changing work
environment.
Other limitations are a high rate of false positive results and underestimated
completion of quality. A more important problem in the healthcare is the
decrease in efficiency. With efficiency defined as utilization of care and provider
time, many studies showed a decrease rate of efficiency.
Many physicians view that the system takes longer time than the paper system
and they need a high degree of efficiency due to complex process of chart and
information management. Moreover, they are concerned about workflow
interruption. Such benefits indicate a dual influence on outcomes.
Poor interface design and lack of consideration of implementation processes
are the leading causes for harmful outcomes. Thus, optimal strategies to
maximize positive outcomes and minimize negative ones are required for
successful implementation and adoption of new healthcare IT systems. A
specific case is discussed.
The discrepancy between positive and negative aspects of healthcare IT
system is obvious. Significant different perspectives on the same healthcare IT
system from healthcare practitioners are well described from two subsequent
research papers. Both studies were conducted in the same year.
These contrasting results are enough to highlight the distorted perspectives on
healthcare systems to healthcare practitioners. What makes this difference
within same hospital? While some of the difference may be accounted for by the
different research scopes, this can explain all of the conflict.
Increased mortality was not due to increased errors, but rather to delays in
providing care resulting from the increased order entry time and other
procedural changes. Moreover, care processes were forced into a linear
workflow and order sets failed to streamline the order entry process.
The difference lies in the research scope. He focused hospital-wide, while Han
restricted his focus to patients who are admitted through inter-facility transport.
In spite of such common factors, their results differed. The result was that
harmful ADE decreased., which indicated increase of quality care.

Appendix E

Study 3 Supplemental material

Table E. 1Codes and their definitions
Code
1
2

Category
Poor Usability
Poor Physical Ergonomic
Design

3

Poor Information Integrity

4

Adverse Environment

5

Lack of Awareness

Definition
Problems from suboptimal user interfaces used in the BCMA system
Problems due to incompatible designs of hardware
Problems caused by poor information transfer or incorrect and/or
missing information
Problems due to uncontrollable or unpredictable situation occurred to
the BCMA system users
Problems due to unclear understandings of work procedures or the
underestimation of associated risks

Miscellaneous categories
6

Insufficient Description

7

Overall Inefficiency
Hardware Function and
Accessory Component Issues

8

Unable to specify what the underlying causes of any non-compliance
behaviors or make it possible to assign them into several categories
Higher or broader level than other categories we defined
Malfunctions of components and accessory problems

171

Table E. 2 Study 3 Codification results for the causes of non-compliance

No.

1

2
3
4

5
6

7

Quote
Finding medication information, orders on eMAR, or completing
administration may necessitate clicking on multiple screens, especially if
user needs to change medication order, etc. User may perceive time
requirements onerous. One or more screens might not be allowed (e.g.,
required field grayed out).
Scanners may emit beeps for each completed function, or beeps for
acceptable vs. wrong scans may be confused or ignored.
Users do not know how to retrieve information, e.g., allergies, and
parameters for administration.
How system limitations in how much information can be entered into a text
field led physicians to enter additional discharge notes in a text field
dedicated to dietary information because the diet field was not limited in text
capacity.
Some older staff members might not be able to see the screen. It’s too small
because when we actually see it from the COW it’s much clearer. The font
size is too small.
It’s a little bit tedious in the sense that you need to scroll the long list of
medication and you need to go back to another screen to click medication
that you want to serve. Click and scroll, click and scroll.
The reliance of the physician on BCMA to communicate a new, high-priority
order for imminent administration could be viewed as a poor strategy, even
though there was no adverse outcome due to the nurse’s anticipation of the
order, because the software was not designed to actively highlight priority or
new medication orders

Reference

Page

Koppel et al.,
2008

413

Koppel et al.,
2008
Koppel et al.,
2008

Code

413
413

Ash et al.
(2004)

195

Yang et al.
(2012)

52

Yang et al.
(2012)

52

Patterson et
al. (2002)

547

1

172

Table E. 2 Continued
8

9

10

11
12
13
14
15
16
17

In addition, the difficulty in correcting the difference between the actual and
documented medication administration time could enable physicians,
pharmacists, or other nurses to make incorrect inferences based on the
data.
For example, a nurse on the next shift could delay medication administration.
Similarly, the inability to document administration of medications not
displayed creates the potential for coordination breakdowns between
multiple nurses and physicians.
Although a taper order is a specific example of an issue that can be resolved
through software enhancements, it illustrates the observed pattern of
decreased flexibility when machine algorithms critique human actions,
because the “vocabulary” used in communicating with a machine is
restricted.
The handheld device screen alignment was a problem in 2 observations.
COW does not fit into patients’ rooms. Computers remain plugged into hall
outlets, and cannot be moved near patients’ beds. Also, reluctance to carry
scanning equipment back and forth from storage areas to patient rooms.
The PDA is useful because you can scan the nametag but the sensor isn’t
very good.
In addition, nurses uniformly believed that typing in a 7-digit number took
less time than wheeling a large medication cart into a room and scanning a
wristband.
Inaccessible or inconveniently located hard- ware is a common cause of
work-arounds.
Other work-arounds related to hardware problems include those related to
mobile workstations that are too heavy, bulky, or unwieldy to take into
patient rooms
Workstations placed in inconvenient locations

Patterson et
al. (2002)

547

Patterson et
al. (2002)

547
1

Patterson et
al. (2002)

550

Carayon et
al., 2007

38

Koppel et al.,
2008

413

Yang et al.
(2012)

52

Patterson et
al. (2002)

548

Peace (2011)

318

Peace (2011)

319

Peace (2011)

319

2

173

Table E.2 Continued
18

19
20
21
22

23

24

25
26

Task-related causes of workarounds identified by nurses in the study
included bar code scanning failures on certain medication packages such as
ointments and eye drops and labels that were damaged or compromised.
The medication cart size and drawer configuration varied based on unit type:
medical and surgical units typically had 10 to 12 drawers per cart, critical
care and ER typically had two to four drawers per cart and behavioral health
had 24 to 36 drawers per cart.
Accommodating physical limitation of a COW
Nurses would usually plugin laptops rather than rely on batteries, adding an
extra step to move a medication cart of changing electrical outlets.
Less than a full dose is available when nurse administers medications, or
syringe/medication tablet contains more than the ordered dose. Nurse must
alter the automatic documented administration that is based on the dose on
the scanned barcode.
Unfamiliar with variation from common procedure, e.g., barcode inside
different package, medication packaging has multiple barcodes, medications
from patient’s home without barcodes.
Medications or medications’ identifying numbers are not yet cataloged in the
hospital computer formulary, or a unique barcode has not been created by
the hospital as the medication is not expected to be prescribed. Therefore,
medication does not have a readable barcode.
The medication order is not in the eMAR (often orders that are stat, verbal,
or not yet entered by pharmacy), and thus not in the eMAR. Nurse, however,
desires to administer medication promptly.
Barcodes often crinkled, smudged, torn, missing, or covered by another
label—the latter reminding staff to scan barcode. Some medications are
patients’ own from home without barcodes.

Rack et al.
(2012)

237

Agrawal&Glas
ser (2009)

28

Lawler et al.
(2011)
Patterson et
al. (2006)

2

341
18

Koppel et al.,
2008

414

Koppel et al.,
2008

413

Koppel et al.,
2008

414

Koppel et al.,
2008

414

Koppel et al.,
2008

414

3

174

Table E. 2 Continued

27

Size of tablet or syringe stocked by hospital is larger than needed for typical
medication order (e.g., morphine 10-mg syringes stocked, and typical dose
is 2 mg). Also, information on medications may not yet be programmed into
system. (This differs from no. 13, above, because it reflects hospital
buying/stocking policies and programming workflow, rather than difficulty
with an individual order.)

Koppel et al.,
2008

414

28

Medication was administered without being scanned and the packaging was
discarded, preventing confirmation scan.

Koppel et al.,
2008

414

Koppel et al.,
2008

415

Koppel et al.,
2008

415

Koppel et al.,
2008

415

Koppel et al.,
2008

414

Yang et al., 2012

54

29

30

31

32

33

When using a COW for administration, medications requiring refrigeration
are not on cart. Medication barcode scanning requires carrying medication
package to scanner, scanning medication, returning remaining medication
to refrigerator (e.g., insulin vial), and then back to patient to administer.
Nurses believe pharmacy should create orders for medications in BCMA
systems when needed order is not available, should prepare medications
for scanning, and should provide the exact medication dose needed for the
order to avoid multiple scans for same operation.
Patient ID band torn, wet, chewed, or not on patient. Patient’s ID band is
covered (e.g., covered with sterile dressing for procedure or by blankets)
and cannot be easily accessed.
Patients’ wristbands are cut, smudged, chewed, deteriorated by fluids,
never provided, or removed. Also, patient has non-valid ID wristband
barcode from prior admission or from another hospital within the same
health care system.
Sometimes during input of orders, certain columns need to be filled before
EMAS can recognize the orders. That is a problem we have because in
paper IMR we will just write ‘N.A’ and just skip, but sometimes when it’s
not applicable EMAS will still want us to fill in the columns.

3

175

Table E. 2 Continued
34
35

36

37

38

EMAS recommends dosage depending on medication selected however
physicians may need to make adjustments due to patient demographic.
The way of giving intravenous medicine is different from the way portrayed
in the computer. This is because certain kids we cannot give too much
water, but for computer it’s already fixed to give that amount so we can’t
change that y so we verbally tell each other to not give that kind of fluids.
The nurse, anticipating that these medications would be ordered, looked in
BCMA but found no cardiac medications (note that pending and
discontinued medications are not displayed). He then looked in the order
entry system and found two “pending” medications. The nurse borrowed
and administered one of the two medications (taken from another patient’s
medication drawer) and waited for a less critical medication to arrive from
pharmacy.
When there was difficulty in documenting information, either because the
automatically generated data was incorrect or because medications were
not displayed, the nurses moved on rather than take the time to ensure
accurate documentation at that moment.
Degraded coordination between nurses and physicians can lead to
predictable new paths to adverse events, including failing to detect
erroneous medication orders, verifications, or administrations, failing to
renew automatically discontinued medications, failing to prioritize a STAT
medication order over other activities, or failing to explain why laboratory
values are unusually high or low for an at-risk patient.

39

User log-in ID not functioning

40

Electronic due time for medication entered incorrectly or follows a
preexisting dose times in BCMA system set by pharmacy

41

Medication bar code cannot be scanned

Yang et al., 2012

54

Yang et al., 2012

55

Patterson et al.,
2002

546

Patterson et al.,
2002

547

Patterson et al.,
2002

547

Bargren and Lu,
2009
Bargren and Lu,
2009
Bargren and Lu,
2009

3

364
364
364

176

Table E. 2 Continued

49

Many reasons were discovered for not scanning medications before each
administration, most related to the labeling technology and processes for
overcoming glitches.
BCMA work-arounds may also be related to problems with environmental
factors (e.g., the medication bar code is in a location inaccessible to the
scanner, such as a refrigerator).
To address the issue of unit dose (UD) bar coding, in 2006, the Food and
Drug Administration (FDA) mandated drug manufacturers to include a bar
code label on drug packages. However, it has only partially addressed the
issue because the FDA's standard 10-digit National Drug Code (NDC)
code is not always the same as the UD bar code.
About 10 percent of KCHC's formulary is only available in bulk, and is
repackaged by an automated robot into UD form with a barcode.
In-pharmacy intravenous mixing requires customized barcode labels based
on compound mixtures, and are generated at the time of mixing. Ointments
and liquids also require special considerations, as they are not typically in
UD packages. Nurses need to retain the box packaging of the ointment or
liquid to scan at administration time.
Continuous updating of medication configuration is necessary. We
estimated that about 225 new product IDs need to be configured monthly.
Attention must be paid to the process of reprinting of wristbands, in the
event that a wristband is lost or damaged. After considering the pros and
cons, we determined that calling on admitting to re-print wristbands in
these instances was not practical and would delay medication
administration.
Missing of medication barcode to scan

50

Medication not in the formulary

42
43

44

45

46

47

48

McNulty et al.,
2009

31

Peace, 2011

318

Agrawal&Glasser,
2009

26

Agrawal&Glasser,
2009

27
3

Agrawal&Glasser,
2009

27

Agrawal&Glasser,
2009

27

Agrawal&Glasser,
2009)

28

Lawler et al., 2011

341

Lawler et al., 2011

341

177
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51

Medication or wristband barcode integrity compromised (smudged,
wrinkled, faded)

Lawler et al., 2011

341

52

Lack or incorrect barcode on medication or wristband

Lawler et al., 2011

341

Wristbands that were worn longer were less reliable to scan because they
were dirtier; they were more likely to be twisted, torn, or removed by the
patients and their ink quality had been affected by more patient baths.

Patterson et al.,
2006

18

Carayon et al.,
2007

37

Carayon et al.,
2007

37

Carayon et al.,
2007

37

Carayon et al.,
2007

37

53
54
55
56
57
58

The medication was nonformulary; therefore, the bar code had not been
entered into database.
At least 1 medication being administered was given “nonbarcoded,”
meaning that a medication bar code was not scanned or able to be
scanned for correct medication verification before administration.
The available dose of the as needed medication was higher than what was
ordered, and the nurse proceeded to give the dose.
Another potentially unsafe act occurred when a nurse intended to
administer a medication dose despite an alarm sounding that indicated that
the total dose scanned for 2 tablets exceeded the ordered dose.
Another issue included the following: not recognizing the nurse ID badge
during the first scanning attempt.

59

Physician not available for clarification

60

Waiting pharmacy to deliver order

61

Medication is not where expectation, not in drawer or not in Pyxis.

Carayon et al.,
2007
Halbesleben et
al., 2010
Halbesleben et
al., 2010
Halbesleben et
al., 2010

3

38
129
129
129

178
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62

63
64
65

66

67

68

69

BCMA use may slow rapid medication administration in emergency
situations, especially when equipment faulty (e.g., battery dies, screen out
of alignment). Also, with patients in contact isolation for infection control,
bringing scanning equipment into room without covering it would
contaminate it and a plastic bag cover may interfere with scanning.
Nurses rush to complete tasks or omit steps because of insufficient staffing
for patient care needs. (Stated justification for not having time to scan
patients or medications.)
Noise in hallway or patient room (e.g., intensive care unit monitors, loud
talking, patient distress noise) prevents nurse hearing scanner alarms.
Patient in operating room or radiology: Patient in area that does not allow
BCMA use.
Patient does not accept scanning (e.g., combative, too agitated), or the
patient is engaged in an activity that makes it difficult (e.g., central line
being inserted, showering, breastfeeding). Scanning or administration
would disturb patient (e.g., one who is asleep). Also, patient may vomit or
refuse medication after administration documented.
Because it’s an emergency case, we had to give [the medicine] first before
[the physician] order in the system.
Obvious factors include that wristband barcodes did not scan as reliably as
medication bar- codes and that wristbands could not be scanned in some
cases (e.g., isolation patients, patients who removed wristbands because
of swollen limbs or discomfort, particularly in long-term care).
Wristband barcodes did not scan as reliably as medication bar- codes and
that wristbands could not be scanned in some cases (e.g., isolation
patients, patients who removed wristbands because of swollen limbs or
discomfort, particularly in long-term care).

Koppel et al.,
2008

415

Koppel et al.,
2008

415

Koppel et al.,
2008
Koppel et al.,
2008

416
416

Koppel et al.,
2008

415

Yang et al., 2012

55

Patterson et al.,
2002

548

Patterson et al.,
2002

548

4
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70
71

Most nurses tried to avoid disturbing sleeping patients, particularly if they
anticipated that a patient had no oral medications during the medication
pass.
They tried to minimize interrupting discussions between patients, family,
and health care practitioners.

72

Baby ID bands often difficult to scan due to size/curvature.

73

ID band difficult to access or do not wish to awaken patient to scan ID
band.

74

Nurses drop activities to reduce workload during busy periods.

75
76
77

78

79

Such work-arounds are created because bar codes on patient wristbands
are often inaccessible or unreadable because of position, dressings, or
damage
Insufficient numbers of workstations
For example, staff may not scan because patients were not wearing a
wristband due to patient self-removal or a wristband not fitting the patient's
limb because of casts or bandaging.
An example is when an acutely ill patient is involved and the bar code on
his wristband does not scan. In such a situation, she said, a nurse would
not want to jeopardize patient care while waiting 15 minutes for a new
wristband to be delivered.
In addition, for new admissions who arrive in a very unstable condition,
nurses don't have to wait around for the wristband to provide care. In that
case, a nurse is able to identify the patient by typing in the account number
and other identifier checks such as name and birth date until the wristband
arrives.

Patterson et al.,
2002
Patterson et al.,
2002
Bargren and Lu,
2009
Bargren and Lu,
2009
Bargren and Lu,
2009

549
549
364
364
364

Peace, 2011

318

Peace, 2011

319

Rack et al., 2012

237

Vecchione, 2005

2

Vecchione, 2005

2

4
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80

81
82

The pediatric bar coded wristbands were too big for the infants in the
neonatal ICU and would fall off. To accommodate, we secured the bar
coded wristband to the baby's incubator, which would be scanned at the
time of drug administration.
Environment unsupportive of Bar Code Medication Administration (BCMA),
e.g.
A patient in isolation; lack of access to patient wrist and not wanting to
disrupt patient
The interruptions noted are exclusive of the aforementioned automation
surprises and alarms.

83

Interruption while charting

84

Pharmacy paperwork requirements during codes

85

86

Users fail to perform required safety checks because they rely on
technology, e.g., they do not perform a visual check of the patient’s ID
band or of medication name and dose.
User’s BCMA training inadequate, e.g., users do not know: (1) which of
several barcodes on medications to scan, (2) which screens have needed
information, (3) computer confirmation procedures, or (4) how to respond
to allergy notification.

Agrawal&Glasser
, 2009

28

Lawler et al.,
2011

341
4

Carayon et al.,
2007
Halbesleben et
al., 2010
Halbesleben et
al., 2010

129

Koppel et al.,
2008

413

Koppel et al.,
2008

415

38

129

5

87

Unaware that scanning of patients and medication barcodes affords added
safety benefits beyond human checks.

Koppel et al.,
2008

415

88

Users not aware of hospital medication use policies, e.g., double-check of
high-risk medications, barcoding of patient medications brought from
home. Problem associated with high turnover of providers, use of traveler
and agency nurses, and RN transfers among units.

Koppel et al.,
2008

415

181
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89

90

91
92
93
94
95
96
97

98

When a new healthcare information system is implemented, users may
encounter hindrances in workflow caused by various reasons such as
inefficient process design, poor system usability, inadequate user training.
There are a lot of times we get held back because the nurses will say that
somebody accidentally signed on their dose or rather they missed their
dosage then they sign on the next dose. So in the end we have to write a
stat dose for them to sign.
A lack of awareness among nurses regarding medication safety could
contribute to a low percentage of bar-code verification.
Clinicians do not know how to retrieve information (allergies, administration
parameters, etc.) or are unaware that it is there, so a combination of
screen redesign and additional training was required.
The nurses tended to be more familiar with the patients in long-term care,
so the risk of patient misidentification was judged to be less.
May be due to barcode, scanning technique, or technology capabilities.
User uncertain whether there is barcode confirmation.
BCMA system times out a user after a preset number of minutes because
user has not confirmed medication administration.
Users report the barcode will not scan without specifying whether difficulty
is with the barcode, scanner, or other BCMA function.
Sometimes nurses choose the easy way out instead of scanning the
patient they scan the clinical board. However the nurse then went to the
wrong bed and caused a medication error.
Sometimes we have this medicine that should be served before meals but
doctor order [to be served at] 8pm. So what we do is that we will serve
before meal but justify it accordingly as an early serving. The physician
should change the timing though.

Yang et al., 2012

43

Yang et al., 2012

55

vanOnzenoort et
al., 2008

646

McNulty et al.,
2009

31

Patterson et al.,
2006
Koppel et al.,
2008
Koppel et al.,
2008
Koppel et al.,
2008
Yang et al., 2012

5

18
413
413

6

413
55
6

Yang et al., 2012

55

182
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99

The five most cited reasons for not verifying bar codes were (1) difficulties
in scanning bar codes on the medication labels, (2) lack of awareness of
bar codes on medication labels, (3) delays in responses from the
computerized system, (4) shortage of time, and (5) administration of
medication before prescription.

vanOnzenoort et
al., 2008

646

100

BCMA system downtime

Bargren and Lu,
2009

364

Morriss et al.,
2009

139

Morriss et al.,
2009

138

Agrawal&Glasser
, 2009

27

101

102

103

Almost one half of the nurses were aware that workarounds occurred with
the BCMA system, and narrative responses suggested that these were
initially prompted by "faulty equipment."
When asked to describe factors that limited the impact of the BCMA
system effectiveness, responses included "technical problems," including
bar codes that did not scan and reliability of the computer equipment, as
well as medication administration scheduling control by the clinical
pharmacists who entered those data into the system.
The wristband and bar codes are subject to water damage, soiling,
stretching and must be deleted carefully to minimize the need for
replacement. To evaluate durability, several members of the steering
committee wore different wristbands for one week, before finalizing the
selection.

104

Time constraints and meeting preset administration time

105

Lack of barcode to scan

106

Nurse was unable to scan the barcode on the package (insulin and eye
drops in particular)

Lawler et al.,
2011
Lawler et al.,
2011
Carayon et al.,
2007

6

341
341
37

183
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107

108

109

109

110
111
112

The RN disabled the audio alarms on the handheld device. The causes of
the alarm were noted in 11 instances and included the following: wrong
dose scanned, double check required, disabled order, bar code not
readable because of nonformulary medication, checking icon for
information before administration, missing medication, and request to
create new order because of lack of a current order for a scanned
medication.

Carayon et al.,
2007

38

Unable to understand order.

Halbesleben et
al., 2010

129

Koppel et al.,
2008

414

Koppel et al.,
2008

414

Koppel et al.,
2008

413

Yang et al., 2012

55

Peace, 2011

318

Conflict between workflow efficiency and proper/safe BCMA use, e.g.,
extra time to scan medications or to return to supply room for each
patient’s medications or to retrieve scanning equipment that works. Also,
emergency medication administration may be viewed as superseding
scanning protocol.
Conflict between workflow efficiency and proper/safe BCMA use, e.g.,
extra time to scan medications or to return to supply room for each
patient’s medications or to retrieve scanning equipment that works. Also,
emergency medication administration may be viewed as superseding
scanning protocol.
User dissatisfied with BCMA: Users know how to use BCMA systems but
find them slow or cumbersome. Often this response reflects negative views
of the software design.
There were cases where nurses pick a medication and they key in their
colleague’s password to co-sign the medicine. By doing so, integrity is
compromised.
BCMA work-arounds may also be related to problems with task (e.g., the
BCMA scanning procedure is slower or more cumbersome than other
methods).

6

7

184
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113
114

115

116

117
118
119
120

BCMA work-arounds may also be related to problems with organizational
factors (e.g., BCMA procedures are not compatible with workflow).
Six of the scenarios described by staff nurses in which there was a need to
administer medications without scanning the bar code related to the
process being "too time consuming."
We observed 7 nurses in acute care and 7 nurses in long-term care
bypass the approved procedure by typing in the Social Security number.
We observed 5 nurses in long-term care scan surrogate wristbands not
located on the patient's wrist. Interview data indicate that all the observed
nurses believed both workaround strategies to be more efficient than
scanning the patient's wristband.
Most BCMA systems are linked to the eMAR on hospital’s server. Lost
connection—wireless or corded—prevents scanning.
Batteries fail on handheld devices or computer carts. Experience with
some batteries failing leads to charging batteries continually, leading to
batteries failing more quickly. This led to replacement of batteries in all
machines in all hospitals of one system.
Wireless connectivity loss: Location does not allow appropriate BCMA use.
For the COW sometimes you can push it to the patient but sometimes it’s
so slow so usually we have leave the COW outside because of poor
wireless connectivity.
For the COW sometimes you can push it to the patient but sometimes it’s
so slow so usually we have leave the COW outside because half of the
time we need to charge batteries

121

Connectivity with the hospital server is lost during scanning

122

BCMA work-arounds may also be related to problems with hardware (e.g.,
multiple scanning attempts are needed to read the bar code).

Peace, 2011

318

Rack et al., 2012

237
7

Patterson et al.,
2006

17

Koppel et al.,
2008

413

Koppel et al.,
2008

413

Koppel et al.,
2008

416

Yang et al., 2012

54

8

Yang et al., 2012
McNulty et al.,
2009

32

Peace, 2011

318

185
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123
124
125
126
127
128

Battery failures on mobile units
Malfunctioning medication carts, computers and/or scanners can create
unsafe workarounds, e.g. not scanning medications at the POC, and
delays in timely medication administration, and documentation.
Technical issues such as battery life and failure, handheld scanner
freezing and connectivity issues with electronic MAR (eMAR)
The "hallway scanning" occurred after a failed attempt at scanning the ID
band on the patient because of a technology failure.
During 5 of the observations, the handheld device either froze or would not
associate with the wireless network; it timed out before the task was
complete.
One nurse commented that the reliability of the handheld devices was poor
and that sometimes there only 2 working scanners for 4 nurses. Another
commented that the device timed out too quickly during administration

Peace, 2011

319

Agrawal&Glasser
, 2009

27

Lawler et al.,
2011
Carayon et al.,
2007

341
37

Carayon et al.,
2007

37

Carayon et al.,
2007

39

8

186

VITA

187

VITA
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